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» ABSTRACT. This p.por roports on a Iongutudmal study of the acqumhL of th‘ voicing
‘ contrast in Engﬁsh word-initial stop consonants,: as messured by voice onset time. Four monolingual - °
children were recorded at two wnk irtervais, beginning when the children -wers about 1;6. Data-

) ‘provide evidence for three genersl stagn. (1) the ‘child has no contrast; (2) the child hed a contrast

3 but one that fallg.ithin the aduit perceptusi boundsries of one (usuaily voiced) phoneme and thus, is
. presumably nat ::M;:_t}dmm and (3) the child has a conirgst that resembies the aduit contrast.
A The rate and nature of “developmental procéss are discysuci b nﬂymin relation to two, compatii
" modais’ for ptho_lggiciT acquisition and two hypotheses regarding the skillsbeing learned. e .
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- 1.0 Introduction ™ * S \ ‘ ’ N
£ LA . . >

° This' paper roports on a lomutudmd study of the acdumtoon of the voicing contrut “in
American-English, s revesied through instrumental amlym of voics omt time chanctomha of : T
*  word-initial stop consanants. . . ) .
' . . ] .. ) ‘ E / T . ‘ . P
Sy . . Althdugh the glottal features reisted 1o the vpicing ‘contrast sre smong the . most
\ . controversisi jn contemporary analysis (Chomky and Helle 1968, 326-% Ladefoged 1971, ’
7-22), it is generally agreed,that a phonological voics distinction in any lsnguage may coneist of —-
a number of relativejy indepgndant phongtic components which nonetheless ted to covary, Among all .
the articélatory and perceptisi slements Which are relevant to the phonological voicing contrast, the .
one which has probably recsived the most attention is voics. onsst time (VOT), that intervel between
_ the reieass of stop dosuro and the onset of vocal fold vibration. . . P

. . ‘ ~ *'t
1 Lisker and Abramson Lhur ‘nmmd 1964 article claim that VOT is tbﬁ. single, most relisble .
feature ssparating voiced, veics stop cogmto psirs in languages of the id, regsrdiess of the ’
convsntional festure designations used in descriptions of thoss isnguages.” Amorig the eleven isnguiges .
" they studied, three categories of VOT emerged: voicing load whiere voicing begins abodyt 75 to 128
miiliseconds (ms) prior .to burst reiease; short lag,: where voicing begins from 0 to 25 ms sfter the
( release; and long lag where voucmg bogms 60 to 100 me after the burst. The medisn vaiues for thess
NS ' ringes are -100 ms, +10 ms and +75 ms respectively (Lisker end Abremeon 1964). in Engif, the
* voicsd phoneme is lypically short lag (dthough some spukon use some amount of voicing load). while
the vonco'o-.rs phonema is charactarized by lag.

' AN , ° . . .
> Becauss of the Lisker and Abrameon clsim=~which hds rocavod subttantid support from the
findings of other researchers--that VOT refisbly distinguishes voicing stop cognate pairs in initial N
.. position, and #iso. because ‘here .s 3 1a°gs li*erature documenting \ge VOT characteristics of vo«:in; in '
thosp«ehofadultspcahrsofEnduah,mhmcm‘nVOTnthuutofmﬂytufor . We
g aksume then, that as the child scquires productive controi. .ober voicing, VOT vaives vnib pe ‘
concomitantly over this time period. We will define the quumd gosl to which the.child is progressing .
as those characteristics of aduit English stop M described in the litersture in terms of VOT.
\/\ The aims of our study are to specify the temporsi cherscteristics of very young children’s stop

productions, 1o defermine the ‘asgs st which children acguire the’ voicing cpntrut in English end to "

" document tho procts by whicht is scquired.? g f ' g
) , | .
With respéct to the age at which the voiging contrast is scqired, there is wide dissgreement
in the ¢ phonciogy literature. tage al which English spesking children acquire voicing in initisl
stops spparently mey vary from i3 te 2:8: 1;3 ‘and 1;4 (Moslin 1976 by 1;9 and 1;11 (two sfybjects in »
Barton 1976) 20 (Lsopoid 1947% 2;1 (Velten 1943) by 2:2 (one, subject in ond Wilsont 1977) 2,4
(Mejor 1976)% 2;8 (Smith #4973). Dodd 1976_' reports thst.five children longer made any voicing

. errors sfter the age range 25 to 211. Twp recent cross-sectionsi studigs show that meny English-
9\ " . ’ i . " ‘: a/ I
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speeking children acquire this contrest by at ieast 26 (Zatin and Koeniggknecht 19765 and Gilbert
1977). A few studies of children scquiring languages other then English-—anguages whi have at least
a contrast between short and long lag stops+-report ages for_individusi children as follows: | "
Germen (Lorentz, pers. commun.) i;7, Garo (Burling 1959)% and 2;0, Hindi (Srivistave’ 1974 specificall
voicsiess, unsspirated by 1;1, prevoiced by 1;4, vpiceless and voiced amritoa begioning at 2,0). Li
1971 reports that ‘three children acquiring Taiwsnese still made 0&0(8 on the loa, lag sg at 2:0.
The differences between the findings of these studies no doubt in part stem irom difterences in

. methodology (e.g. the criterion adopled for detegmining 'acquisition”), but thnn are undoubtedly st
least some individual differences between the children studied. \ -

ho -

' 4

. ) . N
In contrast to the dmgro,“{om age at whoch the voicing corftrast is acquired, there is’
overwheiming agresment on wkat type of véicing " is first by children. Jskobsoh in 4941,
. accuratoly observed that "so long as stops i in Chlld language are not spiit according to the behsvior of
the glottis, they are gemaﬂy pronounced as and unaspirateg” (1941/1968, 14). in all the
studies we surveyed, the cha’:lron studied first used short*iag stops (i.e. ’voiceless end unaspirated® in
Jskobson's terminology). Kowloy-Poﬁ and [Preston 1974 claimethst short lag stops are .used ﬂrst
bechuse they are artnculat‘vly easier to roi than either lead or long lag stope.

()

While the iiterature substaﬂhally d.momtratu tﬁo pnohty of ‘Qhod leg stops, different
studies provfdo conflicting data on the question of whothor on first acquire a voicing contrast in a
perticular piace of articuiation (before other placss), ‘and whether the rate of acquisition, oncs begun, is
repid \or siow ae the voicing contrast spresds through all plsces of articulation, ail words snd sl types
of spesch (e.g. spontaneous versus imitated speech). Towards our goal of doamntin‘ the process of
acquisition, we exemine stops 'U" three piaces of articulation, in a veriely of different’ words. and in
several types of speech, and we examine deveiopmentai-changes in the data )for evidencs wpportin;
the two m,or,/compoung modeis” which have been advanced (o describe the rate and cheracteristics of
changs in phonology acquisition—thg "scross-the-board® model (Smith 1973) and the “exicel ditfusion’ .
model (Heish 1972 and Ferguson and Farweil 1975). in order to look in depth at the. scquisition -,
" process, it wes necessery to restrict our snalysis to word-initial positions thus, we will not provide data

on whether voicing is acquired diffonntly in different poutbm of the wcm!.3

20 M-tho'f - S ‘ ,

2.1 Subjects
’ . / ' " .. . ' ’
Home interviews with prospective subjects and their families were conducted to determine
the degree of cocperstion, the verbal lsvel, responss to picture books, and apprummL vocabulsry
size and phonological system of the children. Four children wers selected to be subjects becsuse they
were monolingual speskers of English with no siblings of school sge, they were prodmin; st lesst some .

initisl’ stop words, they showed evidencs of normsl lsnguage deveiopment, snd they asppesred to be
& Cooperative. Table 1 gives pertinent data on the four subjects, who wil here be, identified ss Tom, .
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Tessa, Jane and Jay ; all subjects are “chikdren of pzofuuond punnts sither one or both of whom hwo
" advanced degrees. . T ! , ) L
" * ' - 3 s .
. . v , N1 ',é <r Lt ) S R . ’
. Bctﬁ parents df all the children éxcept Jane ar;n/atwo speakers of Amoncan—Englcsh.' Jam s

" mother was born in Canadas but has spent the lat six ygarsTh the ‘United States. It was not expoctod

stress of some words) would effect Jane's- acqwhon of voicing. None of the parents spesk a longuago
other then English in tho hom, and none of the children had bewn exposed {0 2 Ianguqn othar then
English. ; . .

\ - N

» ~

v recordmg when they wers 1;6.24, 14, 28, 1;6.19 and 1;7.9 respectively (sges are given ih yesrs, months
d and days). Audiometric screening of the choldnn was done by.the staff of the Audioiogy Chmc,
- Stanford Madicai Schogi; all chiidren wers md as havmg normal hesting. . . '

/

2.1 Data cotlection

»

[}

The children wers sesn approximately avery two weeks for an eight-month period.” All the

! was seen an exira three times after the sfudy had been officially e _ Sincs Jay’s tamily moved to
¢ Boston at the end of the study, the iast session wu\roeordod, under arable roeozdm; conditions,

at- Boston Umvers'ty Table 2 gives the age and the numbér of correct’® stop-initial words produead by

ptaca of art.dlﬁhun as (he initisl siop in the aduit word.

’Avf\g b > - - w ~( - . = !
—_— e ~~“‘L; S\P-J.JJ\I_L_-‘_'
o~ Each séasion wes conducted in a high quaity sound-isolated room (with sssocisted control
1 room) at the Stanford h Rumh Laboratory. Recording was msde on » ‘Revox A77 tapo
- . " .recorder with a Sony Electrdt microphone whu:h was attached to a soft cioth vest whoch the child wore.
" in most caees,. a parent wes present. "All tntm; was conducted by the same ter, & native

speaker of- Americsn-English. The oburvor who' sat in tho control room, ran the tape recorder, took
notes on the session' and kept a tally of the numbor of step-initisl words produced by the child for ail
- 3ix stop consonants. °

the session thst § sin number of word: bnnmm with particular stops wers needed. The

B experimenter would thdh focus on wérds beginning with those stops. This number was estimated to be
B > the maximum number of tokens which we couid reasonably proct to obtsi m children aged ;6 and
) the minimum number of tokens required for statisticai anslysis, Ouring the pariiest sessions, it was

v - difficult, however, to obtain ninely terget ntm (fitfteon toum per stop) from thnotof the four

} children.”, . t
- b . to o ‘. SR
| . it . ) . W
| \)4 ‘v hd ' R N -\ . \;% 6 ~ .
X ’ EMC ‘ ' . ~ . ’
i e o i ‘ ‘ . .l .
. ’ LS

‘ that the slight Canadian accent of Jane's mother (which noticesbly only affected some Yowels and the '

Tom, Tesss; Jane and Jay were using between 50 snd 100 words st the beginning of

¢thildren wo'ro(snn weekly for a short period of time st the beginning of the study.. One subject, Jay,-

each child on each session. *Correct’ means that the chuly's production bqan \mth s stop of the same

~ . ) ' ) " 1 .
- . Slunom were between twenty and thirty minutes loni. The gosl for esch sassion wes {0 .
T - obtain at lesst fifteen tokens for each stop consonsnt. The obssryer wduid indicate towards the end of

<.

)
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"Tokeas = Werds vhich degea -uu-utu,l. singleton stop in the sduit “dodel’ sad which
ug.‘n-uquymmx(‘nn.m,

teble 1. suu.'eza :
~ —— . .
. & | ’

)

3

Sub jeet ' Sex Apyroximmcy | Siblings * Prrents’
A Mrse | Last Yogsbulsry ¢ Dirlsct Ares
Session{ Sessiom At Ssginning
I : ( Ve
TOM ¥ 1:6.26 | 2;1.3 _ 100 words Sister (2% ¥ i: Jervey
N ’ / yosirs older) | F: Utah
. ; >
{ ‘TESsa T 1:6.28 | 2;0.10 73 words 'mnﬁrj( M: Califoruis
o . yes yownger) | T:Philedelphia
P . s 3
Jae . r [~ 1;6,19 | 2:1.16 15-100 b M: Cousds
words Califoruls
) ) ¢ o . ’ T: Csliformis
 sar u 17,9 | 2:4.2 50 words - u: Sew York
X : 7 F: Sew Y'ork
v, '
- .' - '
Table 2. Ags and number of tokeng* for «sch ssbject bv session. . - .
. . » ] . . c. ' .
- 3t
. ‘o TOM v TESSA | - e 17 S
Session Agn. # 7T . Age T A Agn 8 Tc Age # Toksns|
1 1628 33 1:6.28 106 161y 32 1:7.9. n
2 1;7.2 A28 1:5.2 199 ,1:6_.'214 56 1;7.16 “; .
3 1:7.7 - 66 1;5.18 186 1;6.29 26 1:8.8 (Y]
4 1;7. 43 1;5.30 1% 1:7.12 27 1;8.20 43
S 1('l. 100 1:6.13 *© % ° 1;7.26 33 1:9.4 42
¢ F I, 3. [1;7.6 w7 1:8.20 47 1:9.22 33,
? 1;9.23 1L 1:;7.13 99 ] 1:8.26 3 :10.8 ”
8§ . |1;10.9 100 1:7.27. 168 1:9.13 17 1;10,13 100
9 hl:l0.22 117 1;8.10 2146 | 1:10.7 * 1;11.2 - 83
10 1:11.8  13s- 1:8.17 182 I:IO.M,‘. " 1:11.6 72
11 1:f1.22 112 1;9.2 173 13110 W0 30.0 187
12, 1 2:3.3 118 1:;9°23 17 1;11.14° IOQ\ 2:;0.1& 176 ’
13 2;0.1%y 197 L.z 1;11.28 99 2:0.28 160
14 2;1.9 109 1;10.21 169 2;0.11 56 231.12. 159
15. 2;1.17 139 v 1;11.11 139 2:0.23 ' 131,13 182
16 . - [&0.10 132 211016 " 2:2.2 127
. | ; e SR KT Xt
a‘l' L - z;:-o ‘m

~

of the ssms plees c!_;mmmta.
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. of the study) and

. under Super St-pro B—V head phones. Thc tapc script-inel

. . . .
. \ '7- - —
. ' , . .

- PRt . a : . . Iy .
Stimulus matarisis included a specially constructed stimulus' book, seversi children’s picture,”
books, a smail- wooden puzzie medty smali toys. Word lists were obtsined frequently -from thé
paronts, objects for or picturées’ of stop-initisl ‘words that each child knew were then added to the
stimulus materiais. Qc-asionslly the parents brought toys or books with which thechild wes familier.
Quring the sowo?\s the children played with the. /toys, looked st pictures, and were omourncd' to
spesi. . - R - -

[ 4 ! .

"Since we discovered that ail the children u-gd few g-initial wordc (at least at*the bcgmnm'
that fewer p-initisl than b-initisl words were used by at lesst some of the children,
we introduced a few words (e.. goat, gale, and penny) which were then learned at some point by the
ch'ldron. Particularly for g- and p-inilisl words, we relied heavily on the paunt: who would either
‘bring the chi'd’s toys (e.c. Piglet) or would help us set up games whn:h would elicit a particulsr word
fromean mdiwdu.l child (e.g., driving a car into a protohd garage). The lexical asymmetriss for each
"ehild wcll'ﬁb discussed in the results sactions. In gomul the majority % words producod by the
children were sither single syllable wirds (of the form CVC) or two syllablnwigrds with initisl sylisble

" stress; in the esrliest sessions, all the he children produced more b-, d- and k-initiel words than words-

beginning with p<, t- and g- (although the frequency of d-.and t-initisi words was often similar). The
instability of /p/ and /g/ in stop systems of languiges of thq wérid has been discuuod Ry Gamknhdu }
1975 and Fergusou 1977. N D _ ) -

2.2 Data apo(ysis . - .

e . . ‘
.

‘ co. [

All tapes were trmcnbod by ) rmchof usi Rtvox A77 tape recorder and lhtomn'
all words that tHe child s#id; however,
only thoss. target words’ that,the child ssid were phomtkdly transcribed.. Target words were those

that began with an initisl sm'lbton stop in the aduit modsl and for. which the child produced a ttop ot

the correct pisse of articulation (s judged by the tru‘ucrib.r)‘ sse Table 2 for the total number of
.suchwordsproducodonuehmby Mfwthmvwdn,thmmdphonowu
transcribed narrowly and the rest of the utter mors broadly. The transcription mtup
used is that of the’ internationsl Phonetic Associstion 3 supplementsl symbology end discritic
systcm devised by the Stanford Child Phanetics Worklhop (Bush st al. 1971). ) ‘

Procodin; conio‘ and the ;lots were noled for sl pron?m The. fo}low‘m systet of
classification was used forsali tokens: S = sponteneous; | = imitsteds R = repeated (is. 2 repetition of
the child’s own previous uttorm); Ee dmtod (i.e. the ‘child’s response to a question, not conteining
the target word, ssked-by ‘the experimenter) and M = modsefied (is. the child’s productios-of -2 word
spoken by the exmerimenter after some intervening speech-sither child- or wtvm?

of ‘the biweekly recorded sessions, spproximately four.asnchor point nuiom from each
subject were sslected for instrumentsl snalysis. The purposs behind selecting anchor points 'wes to
umplo throqhout “the deta. Thus.%hou amhor pam were st spproximetely two month intervels,

.
\ .
.
, .

-

~




qumng with the first sessions and ending with the last ones. Hmnvor, in the esrliest uwom, not
a“ tho‘ chitdren p?oducod the requisite flftun tokens of esch stop consonant; for these childrep, the
first lwo or three sessions were combined into one anchor point if the sessidhs. hed been conducted st
ciose time intervais. Thus, in some- cases, data from several sessions were collapsed; thess cases:are
clesrly identified in the hbld. When two oF more sessions were combined, equal proportiom of sl‘pq
were’taken fromFsch mslon.

/4 i . .. ¥ ? . ) ’ . .

Wido-band (and in some cdes, norrw-b;nd) sp‘ctrogrm were made of the first fiftesn

tokans of e stop type on a Kay Sonograph (modol 7029 ADC, with an addcd custom shaping ctrcui&,
(HS2, 12 db high frequency pro-omphm)). To -achieve better tomponl ruqlutlon, utterancss were
recorded on the Kay in the’ 160-16K mode (which resulted in a time bese of 41 me per centimeter and -

a scanning filter width of 600 Hz) and were reproduced with scale m'mﬂcr set ot 0 to 50'1.
Measurements of VOT were made at the same time on a Tektronix Owl!ompo with storage capability
(Type 564), which was uud in conjunction with a locally designed apd constructed triggering system.
Directly following the osculloscopo messurement, VQT was messured on the spectrogram(s). When the
" oscilloscope and spectrogram messurements differed by more than 3 ms, the problem was identified-
and then resoived by further instrumentai andym. i all cases where possibie the time scalo used,was
2 ms or 5'ms per centimeter. in general, if the difference between the two messurements was _squasl to
or iess than 3 ms, they were averaged to give a final VOT valve. However, for VOT values grester ‘than
+50 ma (i.e. cases in which the time scale had to be set at 10, 20 or r, division), fine time-
resolution was more difficult on the oscilloscope (due to greeter comprassion of tho signel in esch time
division, and éreatef relisncs was placed on the spoctrogran! mowunmnt Tho procsdures for
instrumental amlym and VOT messurement are ducnbcd in dotml in tho report of our pclot study (soo
Huntmgfon ot af. 1977, .

L

., R - o B
If an utterance-presented a problem which the resssrcher could not solve, sil spectrograme-
foq the item were presented at the weekly group meetings where Project staff (four to six persons).
discussed and resoivea the problem. In the few: cases whers the staf} gcdd not reach unanimous
agresment, the utteranis wes not Included in the statistical anelysis. The triteris for rejection of an
utterance from VOT measurement were: ‘noisy’ (e.g., clanging toys during the child’s production) *voics
~overisy’ (where an aduit’s voics wes superimposed over the child’s snd each couid not relisbily bo
upontod by narrow-bend ensiysis) 'no burst’; following voocobu vowel’; ind ‘continuous vdicm[
(whoro voicing continued uttinjerrupted from the child’s previousiy volced ugmn(). Less than 7% of
" the totsl set of utterances from ail children were rejected. . .
] oL ’ 7/

e Each author carried out ‘transcription and Mmmontd anslysis for two subjects. At
approimately two month intery reliability checks wers made. For thesé checks, six items were
selected (ususily the first tSm of each ‘stop consonant on a tspe). Esch suthor transcribed,

. instrumentally snelyzed and messured esch item. In seversl cases, the six iteme hed been srislyzed by - '

or the other suthor seversi mpnths previously. Thus, the complrbon checks indicsted -both inter-
and intra- observer relisbility. in the refiability check procadure (ss in the reguier ansiysie procedure),
provisionwumadotqdlowmobum.tolobdohyuﬂ«muaprobbmwb‘chs.houdthonbo

1 4
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referred to the weekly group mhngs. Thno of the 35 relisbility check items were |d-ntifiod‘a .

probiems by both authors independently. Excluding thess three items, the two authors sgreed to
within 6 ms on 97% of the items checked. Ouring the weekiy group mestings, Project staff roco!vod the
o problems for two of the thiee probiem utterapces; the third item wes rejected.

. , AN : v

- . For esch ch'ld uch anchor point Wes andyud sapontoly Whon definitive VOT vslues wers
obtanrpd for flftnn tokom of esch of the?six stop consonants, separate frequency distributions were
grawn and the mean, standard deviation. and range caiculated. Tests of significance wereWhade of the
difforgncos between the mean VOT of the voiced and voicsiess phonemes at each place of articulation:

. Throughout, the probabilities given are for cm~lml¢d t-tests. Where F values are significant, separate
-+ ' variance estimates are usad; where thoy are not significant, pooled varisnce estimates are used. I
T generai, when the differences between mesns were significant, they were highly significant; and when
they were not significant, they were not at il close to Significance. Since the distributions were nop
complotoly normal, in the few cases where differences botwocn the means were just significant, a non-

‘

parametric test (the Manh-Whatmy U test) was aiso used: in all cases, {his test gave the same |ovol of .

¢

/ sngmfucanco as the panmqtnc t-test. - ' oo

If the differsnces betwesn the means for a voiced-voiceless pair was significant at one
anchor point but not at the preceding point, the intervening sessiors were mstrumontally anslyzed to
determine more precissly the point of change. If the differences betwéen the means for a pair were
not significant on contiguous sessions or anchor points, the data from these sessions were combined

) ‘ for additionai statistical ahalym ' tive ditference between the means for each pair from the collapsed
4 . sgssions were compared (one-tailed Huts). and a two-way analysis of variance was carried out.
Thus, there are two separate cases in which’ data from separate sessions were coliapsed: (1) cases in

which the child on early sessiony did not producs the requisite fifteen tokens per stop; and (2) cases in

which the''data did not show a fonsistent significant difference across several contiguous sessions. The'
dacision to collapse dsta in later cased was motivated by the assumption that'if no significant
change occurred over the tifne period, the dats from that time period represented s single stage and
‘thus were comparable. ° - _ ' . 1

. N ‘

) 3.0 Resuits . ’

. ) . - .. / , . l-' ., \n
> Data from individual children will be discussed in sections 3.1 (Tom), 3.2 (Tessa), 3.3 (Jam)
:nd 3.4 (Jay). Tables 3, 4, 5, and 6 contain the mesn VOT, number of* tokens, standard dwhtion and

range of productions fof esch sfop consonant on esch session anslyzed for each of the childreh. Aiso
inciuded in thess tables are the ugmﬂcm. levéis for the differsiics between the mesns for esch
voicad-voicsiess. pair for esch sassion; significance levels given are for one-teiled t-tests. Figures |, 2, .

. 3 and 4 piot the range of ipdividus! tokens.of esch stop-consonent in each- session of, Tom, Tessa, Jane
) and rnpoctwdy The tabie and figure for esch cﬁud's data wiill dppur in tho approprinto section.
The di ion in section 4.0 will focus on the similsrities and differences scross children. - N .
© e
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In the followmg soctlom, reforenca will bo made to primarily thrae catoconn of data (to?ms
. in quotation marks will’ be given precm doﬁmhom in the féllowmg pangraphs). CATEGORT . Data
“ show no evidence for the.acquisition of a contrast! the tokens for both the voiced and voiceless stops
fall within the “short lag region® (and typically show the same incidence of provoncmg); and_the
ditference botw«n the means for sach pair of stops ig not sngmﬂéﬂ‘\tly dmorenf nor is there a
consistent nlatnomhvp betwesn the mesns such that over a number of sessions, the mesn for the
voiceless stop js alway$ longer “than the mean.for the voiced stop. CATEGORY . Data provide |
i ewuence for'the acqqnsatmn of a contrast, which is, however, not aduit-iike: the differsncs between the
. mnn VOT values of thwdm stops is sxgmﬂcant but the mean VOT velues for. both the
: ? voicsd and voiceless stops fail within the aduit perceptua) "phoheme boundaries” for the’voiced stop °
(Catcgory IA) or close to within these bouadaries (Category I-B). Category li-A data-are por'acuhriy
~ mtorostmg because the contrast that the child is meking is pruumcbly not parceptibie to aduits. For
Category -8 data, aduits would presumably have difficulty recogmzmg the contrast, sam:aL tho magorfty
of voiceless stop tbkm “typically fall within the adult perceptual boundaries for the voiced stop. '
'CATEGORY I, Data resamble; “aduit vaiues™: the means for ihe \hlid's voiced and voicsless stops fall
within the appropmh pho boundaries; in Category Hi-A, the means for the voicsiess stops (and_ -« .t
usually the voiced stops aiso) are considerably longer than aduit mesns, and in Category M-8, tho

-ty

means for .the vdacﬂm stops (and the: vo«:od stops) are shortened back toward aduit means. lt —_—
¢ appears that these categories may in fact roﬂoct three glmﬂ svejopmental stages, otdered 2
’ + presented (ses section 4.0). ‘ . s X L
) . . Lt S ’ . ~ v .
- " . . . P . 3

: We will adopt tho fouowmg cqnventions for defining * the - pﬁamnc regions- on the VOT
‘ continubw, The "short iag region™ will be from 0 to +20 for lsbisi and._alveoler stops (following= '
* Kewley-Port and Preston 1974 (apicais only); and Zlatm"jnd Koomgm\'ncgg 1976 (labisls and apicais)), ’
‘  wnd from 0 to +40 ms for velars {cf. Ziatin and Koomgsmcht I976). This definitlon of short lag as O to
+20 ms has been adopted to facilitate dlrect eompmson of our Usta to the data‘in Kowicy-?oﬂ and
Preston on which they bese their cisim ths‘tho VOT vaiues for a majority of productions by chtldrc’n off %
the age we are studying will fail within the short fsg region. In addition, s defined, it fits rnsombly
/ well with the Lisker and Abramson defintition of short lag (00" +25 ms) and with the range of short lag
) productions reported by thase authors for English:. fo/ 0 to <5 ms; /df O to +25 me; /g/ O to +38 ms. |, .
We. wiil need to refer to tKe “short lead rnton for.labisis and alyeolars; this region will be <20 to -1 |
. ms (prevoiced velsr stops wers exiremely rare). This short lead region, which is not precisely defined
LELY study, corresponds roughiy to the-“hole just below zero” that Lisker and Abramson state to be /
- the one region on th& OT contipuum which is not utilized in voicing systoms of languages of the word. . '
The “long lag rogrcn will be +60 to +100 ws, and the “long iead region” mu be -12% to -75 ms,”
- fouowmg the Lisker and Abrsmeon ‘general dumpﬂom (1964). ,

. * + ~ '

: 7 ! e . ' ' ;
- © " To arrive at some referend® pgint for the adult iénguage to which the children’s dsta mey be < |
- , cowupnrad, we use the aduit data r od in Lisker snd Abremson 1964, Klett 1975, and Zetin 1974,
Sincs these authors seport shghtly dmonnt mean VOT velues for each stop, we will assume tbqt a
. child’s VOT mean for a stop is “aduit-like" if it Yalls within the range of mesn VOT vaiues reported for T
that stop in the' aduyit deta: /bf +1 to +11 me; /d/ +5 to +17 ms; [g/ +21 to +27 me /p/ +47 to +65 ms; °

/t/ +67 'to +75 ms; and Ik/ +70 to +85 ms. Socondoril_ y, the child’s deta will be_judged aduit-like_ if the _ " ..
. L . . ., © T 1
1 1 ' - . \.; ? :
- ' ’
- 3 - ) - ‘
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mtor-placo rolahonshlp is conslstonl (i.e. Iabtds shorter then alvqolars, which sre shorter (hon velers)
and the child’s voiced and voiceless stops have nor‘f—ovorlappmg ranges (s characteristic o!\dult stops
reported in some but not ali ‘studies). Prasumably, corparable adult data. (e.g. fully convcrsitloml)
.would show overlap bétween ranges; however, the “children must leeh to produce at lessf fairly
discrete caﬁgomn. and to do 50, they must reduce (if noi aliminate) the number of extreme tokens. ity
was ot expoctod that any of the cmml would show all thess three chaactaristics of adult spedch.

‘- "r . . ..

ing Category ll-A :dats, we will fmd it ho&pfui to discuss the mean VOT values for

tion data in relation to the "phoneme boundaries” in adult_perception. Similar to

between figures in reports on the mesn VOT Wyiues of dops produced by adult

English spoakors, there is also some disagresment ag to the precise location of the boundnry between - -
the voided and voiceiess phorlmes g,o., the 50% perceptusi cross-over point) in the porcnptron ' -
literature on English. 'Here, we will adopt a compromise set of figures: +30 me for iabisl snd siveolar /.
phonemes; and +50 ms for the velar phonemes (cf. Lisker and Abramson 1967b; Zatin 1974; Pisoni and

Lazarus 1974; and othars) We do this in order to have a rough idea of the way in which an aduit :
speaker of English would percentuilly c:tegonzc tho early productions of the chtldrsn studiod. Siqc. : )
this bound‘ry is approximate, we will simply- suuut that, when the means for both child phonemes . LT
(and the VOT values for'tho majority of tokane) fali within or nomy within the boundaries. of one aduit .
phoneme, an adyit will eilhgr fail to perceive or at least have considerabie trouble consistently hearing
tHe contrast that the chiid is meking. We will futher assume that an aduit would categorically. percsive '

- the child’s productions in most cases as: belonging to the adult vog ghomm, nd sﬂgnt that, sincse. /
)the child continues taimprove this contrast in the appropric(o : tion, it appears that the child does >

$0 in the absence ot diroﬁt positive romforc.mnnt from adults. : ‘ /T e

\ ) - s, SN

~A M . , .
Yet wo Kumo that speakers of \any Ilngmc may Iurn to modity their porcaptuq sets as N
- an adjustment to the speech of unusual speakers (e.g. foreign speskers of Emllsh) or to unucud/ o
* distehing c:rcumstancos (eg. as on a tob ne line). It is possible that -with repested sxposure to the <
child’s smch a pirent could Ioam to hesr \the child’s contrast. We wifl assume that- there must be.
limite to such perceptual adh.ntmnt Foé example, Hirsh 1989, Hitsh snd Sherrick 1961, Stevens and
Kiatt 1974 and Pisoni 1977 claim that roughly me is the minimum .amount of differencs between the
temporal onset of two.events—sich as bctwun a burst and the onset of veicing—-required for a . .
listener to judge the two events as saqumhd, ¢ judgment which would necsssary to the 7
identification of Englis* phonemic voicelessness. If approximetely 20 ms does’in fect npfmnt the
lower limit on the region of pcéc‘ivcd tmponf order sequencs, it would be impossible for ‘an adul
(using only VOT as the perceptusi cue)’to hesr_the contrast thet Tessa, for example, was mldng .
between /b/ andl /p/ on session. 6 when the VOT mesns were +5.07 me and +14.43 me rumcuvoly b
3p=.029) and where 84% of 3li .tokens fell within the 0 to 420 me range. While the' psycho-scoustic
ﬁ;ms for the perception of voicing in initial position-(e.g. the '+20 me srgument in Pisoni 1977) may be
disputed, the categorichi nature &f aduit perception is not, and it is ultimately on this'basle that we will
assume there to be Imifs to the perceptusi modification possible in natural lsngusge use situstions.

S . s

PR » ° ! * ) .
In these cases wh"u the children were achieving a significsnt difference bZtvm th:yom ' \‘ s

.’ _ . , ’
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. . and yet whorc both mom foll vn(hm the pcrc‘ptud boundaries for one" aduit phomn'ro (Catogory 2),
< we—as trained phoneticians——do not bolnvo thst we can»roh:bly hesr the contrast (except-for those a
\ tokens that fell weil outside the boundary), and we were in fact sufprised by the resuits.. Since VOT is’
) ‘only one. 6f ?.cvoral acoustic cues for the pércsption of voicing in Enghsh. it is possible that some othor
tribute (e.g. burst ampiitude or fundaméntal froquot\\cy of the fo“owmg voweli, etc.) could be found in
/Zs‘, childrén’s productions and ysad ‘by an aduit to perceive the contrast; again, we-can only repest
that we could not porcowo ‘the differences. Clearly, thd¥perceptibility of thess esriy wnthup one ,tdultv

phonéme’ contruts roqmru furthor mvutlglhon. i - ) .
MY ' \
v .om e . lo ) : - -
. . . . (_/: . ) . P v
o © To-avaluate thess early contrasts and°the. simils (‘within one adul *) cabes where
" over a large numbcr of msiorzzho mean VOT for the aduit voccoloss p utontly longer
%+ . than and yet not significantly different from the mean for the voiced , We examined -the

variables of: (1) vowsl height;.(2) stress; (3) individusi- Words; and (4) mode of elicifafion. Both a high /
vowel and a stressed vowel (variables | and 2 respectively) have béen repotted by at least some
resaarchers to lengthen the- VOT of a preceding voiceiess (i.e. long lag) alop. and i some cases to
. affoct the VOT of a precading short lag stop (see Kiatt 1975 ahd Smith 1975 6n vowel height; and Lisker
. . and Abramson 1967a and Kiatt, 1975  on stress). The lexical diffusion modei of sound\cham (cf. Chen
. * and Wang 127‘5) may be mtorpretod to predict that when the vma?g contrast is beginning to emerge,
long lag values would be found first in a few words and thon gradually spread..to Mhor loxucal items;
thus, the difference in the mean VOT between a voiced and vou:.lm stop pair could be achwvod by
alugX for a few individual words (variable 3). Barton 1976, found that for some children. the voicing ’
contrast Was ‘correctly productd in Q tatod\ uttoranguﬂamor than in spontaneously producsd
T utterams riable 4). In all cases, no oorrolahon was found: thuc it is not the case that the longer
_mean VOT values for the voocclm stopc (in Category i) woro ceused by a greater mctdcnco of
voicaless stops in stressod and/or high vowsl environments Or in .imitated productions, or by the "
. behavior of mdw'dunl words. Throughout the corpus’ for each chtld, tokens for any pntlcuhr word
> - showed the samo range of VOT vaiyes as-the genersi range of VOT vaiues for the stop consonant ss a
whole (a few cxcoptlons to the gendéral pattern will be discussed in the™ following sections). Of the four
. variables, stress was largely irrelevant, since nesrly a“ of the children’s_ prodqtlom in these early
stages were one word utterances of initial syllabie stgass . words. We tonclude then thet such
consistent differences (although smdl) batween the gyesn VOT values for the voiceless and ‘voiced stops
indicate some atiempt on the child’s . pch to disti in pruduction betwaeen the members of cognete
pairs. Thess’ anelyses were done for data in Category' H7and will be mentioned below where
sppropriste. Since no similer analyses ‘0f data in Category II were carried out, we thersfors do mot
rule out the powbmty that stress, for example, may have a significant effect on long lag stops.

.
! . . . [
\ U . . .
- - - - -

. ] . ) ‘
in the following sections for sach. child, we will discuss the data for each child in relation to
the thres categories and in reistion to the percaption and productiontheracteristles of adult: voicing
ducrlbcd above; the main. goal will be to describe each child’s individual path of dovobpmont In
ad&itloo. each. sectioh will discyss pthor characteristics (in some casss, idiosyncratic) of each chiid’s .
- productions, as for exsmpie the distribution of lmtid stop wbrds in the chdds vocabulary (Mexical
- asymmetries®). RSN ’
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At the bognomﬂg ‘of the study when Tom was 1;6.24, his data sevealed¥a bus towards words.

bogmnmg with /bl /4] and [k/ (tigures below are for the total number of.different words and-tokeps

d on sessions 1-3): /b/:12 words, 64 tokens; /p/ 6 Words, 15 tokens; /d/ 7 gords, 40 tokens;

ﬂ/ 3 words, 6 tokens; /g/ | word, 2 tokens; /&/ 7 words, 26 tokens. The distribution was, however,

fairly even by sewon 7. Sincs not enough tokens of /t/ and /g/ were coilected from the first _anchor

., point (sessions 1 through 3), sessions 4 and 5 were aiso amlyzod. Only the data from session 5 will
be presented, smco session 4 contamod ohly 1 /g/ token and no /t/ tokans.

N -r . N .

- " Tom’s dsta show evidence for a sngmﬁcant vomfg contrast at all three plms of art ation
throughout. the study; ai\hou(h the mesn VOT valueg for voicsd and voicsiess stops ususily fﬂl withi
the apprOpmto short and Iong lag regcom, thon were some thanges over time. . !

] , . T
- *On sassuons 13 (1;6.28 to 1;7 7), mean VOT valuu for /ptk/ are consudcrably shorter ' -
than adujt mean vzluos (Catcgory #-8). The mesn )IOT values for /b/ and /d/ are within the ram of
aduit /b/and /d/ mean values (the mean tqr /b/ is +7.6 nis, exciuding negative voT tokens). Tom’s two
values for /g/ are sumlar to his means for /b/ and /d/ but arg considerably shorter than aduit /g/ :

values wouldvbe (Tabie 3).

4
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Although “Tom’s meln VOT vaiues are not_aduit-flike, there was very littie overfap bet\vocn
the ranges for the voiced and voiceless stops, and” Tom’s contrasts were generaily porceptiblo to -
',’ . adults. Only five /p/ tokens fell in the h‘\od lag region six (40%) foll within the perceptual .
\ boundaries, for the adult /b/ phoneme. For the ﬂvoolars, although there were oMy six /t/ lokens, v
there was & overlap between the /d/ and /t/ VOT ranges;, and none of the [tf-vsives feil in the short
tag region; however, thres of the /t/ tokens (50%) fell within the adult perceptusi boundaries for /d/!
Similarly, for the velars, although there; were pnl& two /g/ toﬁe:\s, both were short 1ag and only three
6f fifteen /k/ tokens fell within the short lag range; however, six /K/ tokens (40%) fall within the adult
" perceplual boundaries for /g/. (Figure 1). Thus, aithough the rarge of vaiues for /p,tk/.(up to +85
. ms, +106 ms and’ +140 ms, respectively) show that Tom clearly hed a phowoglcal voicing distinction,
tho fact that 40% or 50% of ail voiceiess tokcm fell within the adult voiced phoneme perceptusl ™ - .
boundaries means that. Tom had not fuily mastered pfoductm eontrodw voicing, and it is likeiy that i
aduits would labei nearly haif of his "voicsless’ stops” u«bomg phonmically ‘voiced’ (Category H-B%
neerly half of hns /p,t,k/ stops were in fact transcribed as voncglou. unupontod. Lo - -
. L A - g ,!,;i %-
\~ Data from session‘S (1,8.29) au very dmonn[z the mean VOT ‘values for /tk/ are -
: considsrably longer than aduit mesn vaies (Category W-A) and'the mean VOT values f6¥" {bdg/ likewise: -
increased (Table 3). The mesn (or /p/ falis at the lowsr end of the renge (+47 to +65 ms) roportod for :
/p/ in the speech qf aduits; since the mean for /p/ is wilhin the adult range, it should be catuorizod .
as lIB. This csse is-one aof two (see section’3.2) thet are oxcoptiom to the general rule thet the chtld's b
* mean for a voiceless consonsnt shifts abruptiy from CatOcOO’Y 18 to Cato;ory A (cf. the discussion in -
section 4) .. -,

-~ - . -
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-~ Data from sesgions 6 through 10 show that Tom is- graduall shortomng the VOT veiues for '
/tk/ and/d/’ back toward adult-iike valua, th. means for. /b/ and p[ increase on sessions 6-7 to
values longor than aduit vsiues (Cahgory ‘MA) and then docnm on session 10 (Table 3).
Unexpectediy, howcvcr, the mean VOT for /g/ continued to increase such that on sessions 6 and 7 it
_fell nesrly in the perceptusl boundsries for adult /k/ (nb. Abramson and Usker 1967b report
approximately +40 rs as the boundary between /g/ and /k/ for aduits). By session 15 (2;1.17)—the
last recording session--, the mesns for most stops fail within the appropriste short or (moderstely)
long lag regions; however, his stops are not compktoly aduit-like. For oxampb, his mean for /p/ is
considerably shorter than an aduit /p/ would be, while the means for /t/ and /k/ are longer than the
respective ‘aduit means would be. Without data from subsbquont months, it is IWN. to determine
what trend is b.:ﬁ established. Since studies }of aduits have shown that VOT vaiues for stops
‘smbedded in sentences are shorter than'the VOT values for stops in isolated words, it is ressonsbie for
Tom’s VOT values to decresse somowhat since he wag producing incressingly longer séntencss as he
was maturing; thus, the plausible hypothem of the interaction of sentencs length stop VOT vaiues
would appiy to the change seen in /p/ on session 15. However, the means for /t/ and' /k/ (which hed
besn decrewm since session 5) incressed again on sassion 15 whether this represants what could be
considered 'normal’ ﬂuc!ua'l’bn within a single stagy or a ugmfmnt deveidpmental chings cannof™be

that throughout the study, most VOT values for all six stops fell within the porcoptud bomdtrm for
tWappropmto aduit phonemes. For’ the voiced $tops, Tom produced s6me tokens with voicing leed.

“(range -104/- 1); these prevoiced tokens were usuaily for the voiced labisi stop. There were very few -

tokens of the voiced stops which feli in the aduit voicsiess phoneme bomdarus. in contrast to the

restricted range for viiced stop productions, the voiceless stopa showed great vambcmy. thers wis »

. wide range of values that extended welil into the short lag rmon and weil beyond the (tdu{t) long log
region. While there are no publmd aduit data coliected under compietely mparobb conditiom (i.o.'

" fuily conversationsl -speech), it is: probably that Tom’s voicsiess stops exhibited grester variability then
dduit data would. This- wide range of variebility:- was not due to individusl lexical items: individusi .
words showed tho same range of VOT values 26 o%w wordrbg;mng with the same initiel stop.

:B.ZTusai s B T ‘
LT ) .

On session | when Tessa was 1,4.28, she was using siightly more b-, d- and keinitiel words'
thsn \vords begirming with p-, t- or g- (figures below are for the totsl’ number of different words and
* tokens prodiuced on session 1) [/ 8 words, 31 tokens; /p/ 3 words, 5 tokene; /d/ 3 words, 24

tokens; /t/ 2 words, 12, tokans; /g/ 4 wotde, 7 tokene; /k/ 5 worde, 19, 1okens.% Teasa spontaneousty
produced a large number of utterances (see Table 2), would. freely and eorroctly ragpond to questions.
designed to elicit stop-initisl words (and would also imitate such words), and in genersl showed no
evidencs of deliberate avoidsnce of porticular word-types; 1his siight ssymmetry quickly dissppesced.
The asymimetry that did exist at the beginning was not as obvious a factor in hof scquisition of voicing
as was the lexical aymmtry in Jane’s dsta (see section 3.3). ~
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- Tm‘nproduudludvoidmon/bp/u;d/d/onmmni /b/ two tokens; /p/ one tokery
and /d/ five tol(om. After this session, oniy /b/ was produced with lssd voicing (range ~34/-5 myX the
number of /b/ tokens produced with iead voicing varied from none (out of 1% tokens, suuom 8 and

"16), 1 (out, of 15, on both sessions 6 and 7), 2 Tout of 14, ssssion 11) to‘a (out of 15, 3-4).

(Figure 2).

' Across all sessions and ail stops, sixty percent of all prevoiced totom foll in the short | ! sgion (-

1

/-1 ms), md}nono were 'graater than ~34 ms. .

‘ I3
Tma acqurod a voicing contrast first at the alveolsr, thon at z labial and finddy. st the

Y

velar place of articulstion; three stages reflecting this order are bed below. In genersl, Tessa’s .

dataymore than Jane’s) change over e moving from Category |, through Category H-A; this: progrm
towar adult valyes is a gradual one, oovcnn; about 3 four month_ npnod.

~ .

r< !
[ ~
-

3.2(5(a¢ol(l;4.28tol /- \ L \ .

alveolar (Category li-A) but not at tho lsbial or volar placas of, articulation (Category I). On session |
(1;4.8), the mesn VOT for /d/ is ‘significantly differsnt from the mesn for /t/ (Table 4). Further
evidgnce' for a contrast comes from the- distribution of lnd and long lag tokens: the only prevoiced
tokens are for /d/, and the only tokens {mt fall outudo tho short fag region are productlom of ft/

- [ X b

For the labnls on session 1, the mean for /p/ is actually las thén the mean for /b/, and thc
ranges for both are. similer. On the spssions 3-4, the /p/ mean is lofger then that fér /b/. Neither
differencs is significant (Table 4). differencs A mean VOT betwesn ﬁ/ and /p/ on ssssions 3-4 is
largely caused by one produclign of pan, +111 ms. |f we ﬂfgalo this token, the. mesn and range for
/p/ becomes much more similar_to those for /b/: fb/ +4.56¢ ms (range -34/+25 msk /p/ *10 10 ms
(range +4/+28 ms). This production of pan is the only one for this word in the corpus prfor te® ‘session
11 (pan +74) at which point all /p/ tokens fall in the range +32 to 0176 ms. .

»

Pan is an axceptionsi- uttersncs on this session in thoi no ather -words sre producdd \vith

iong lag voicing until session 8 (Fi;u&o E). lsg VOT for pgn mey wgdkato that this word wes 3 ?\
sneral rulofor producing /p/ as short lag in which csse

fexical exception (on session 3-4) to
it mught indicate the beginning of i wd&wwd spresd of long lag voicing through her lexicon (cf.
the lexical diffusion model). However, throqhout Tessa’s §orpus, tokens for sny perticulsr word show
tho ssme range of VOT vaiues as the genersi renge of VOT vaiues for the stop consonsnt ss s whoie:
ents, for exsmple, wes produced ss both short Iig (+20 me) snd long lsg (+67 me and +75m)
session 8 when the range for p-words (0/+107 ms) covered the short to long lag region siso. Si

. other words were produced consistently as an excaption to the genersi psiterns for a given stm, we

concludo then that the lon; lag production of pan wes accidentsi or at lesst oxtn-cyttomc.

o~

Stage 1 (sessions | and 3-4) in Tessa’s data is one-in which she has'a contrast at the
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. 1 2
, - Session 1 3-4.° ) 7 ] 1 16 -
Age 1:4.28 1:5.18« | 1;7.6 1:7.13 |, 137,27 1;9.2 . 2:0.38 \
1:5.30 - *
i 4 - -

o/ mem | (s4.33 +.07 7 +6.53 | #1120 | «17.% | +12.93
x| s 15 is) | s, 1 1 | 1s
s.D. 13.18 13.11 10 10.70 11.63 22.16 11.13
cange =32/+23 +25 -27/+28 «22/+28 0/ +h =17/44S | +3/+49
/o/ wasn -1. 80 +19.27 § #4463 | +27.92 +34.93 +86.93 +93.40
] s 11 . 16 12 14 RN 15 .
s.D. 18.36 1.17 9.47 17.21 3Ls9 36.14 47,78
 remge | -3/+9 w/411] | 0/+0 . +8/+40 | 0/+107 432/4176 | #19/+207
sig. lavel =013 | pec.001 =009 | pec.001 <. 001
/d/ wasa’ +2.40 ) +15.5) |-+17.13 +16.2% +15.93
| 13 13 13 13 13

s.D. 10.81 9.61 8,48 8.38 8.96
ronge «21/414 /42 *2/+ +5/+31 +6/432
/el wom | +20.50 | ¢ +18.92 | +9833 | +88:93 Y +100.20
¥ N 13 . 15 . 13 “15 .
s.D. 13.09 13.26 45.89 35.13 68.38
crage | +7/443 #19/461 | +27/+193} +30/+4165 | +13/+257
sig.lavel | =, 001 ‘Km <. 001 pe.N01 .MM
/g/ wmen | +17.00 7,00 +46.86 3,33 +30.13
] $ 7 1 15 15
s.n, 3.63 28.5 41.31 35.44 271.42
rrage | +l1/+22 | +3/4100 | +13/+130] +5/+126 .| +9/+45
. ¢
/) enss | +19.93 +30.30 +79.60 #108.27 | +125.93
L] 15 ‘10 15 18 - 18
s.0. 12.64 11.32 34.86 15.92 .M
Tamge +3/450 ° 4 +*17/457 +63/+158| +6/+182 | +28/+
¥ T
sig. level o=, 013 .om 9¢. M1
—te = .
P A ‘

~ Table 4. TESSA: masa VOT vilues, number of tokens, stsndsvd deviacions sad caage
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. © On Session 1, thers is no coritrast butween the velar voiced-voicsiess stops: the differance
between the meen for /g/ and thet for /x/ is not sc;r‘lcant (Table 4), tnd all /a/ tokens and all but
one /k/ token fall within the short iag fegion (Figure 2)

“ 4

.' >

3.22 Stage 2 (1;7.6 to 1;7.13)

‘ > o »

-

During stage 2 (sessions 6 and 7), Tessa’s data show evidencs for a contrast between /bwp/
(Catogory H-A) and /d:t/ (Category #-8), but not for a contrast between the velsr stope.® The meen
VOTvﬂuosmdﬂnmmtyontorlb/ Ip/ on both sessions 6 and 7 fall within the
percentusi bdundaries for the aduit voiced phoneme, ss did the mesns for “/dt/ Luring stage 1. The
difference_between the mesn YOT vaives for /d/ and /t/ (session 7) is asiso significant; note that the
mm}or/l/fdlsjmtoutsodct pMWf&hMIWMﬁMOOﬂ
sassion 7, a majority of the tokens for both /p/ and T/ tal outside the short lsg region, whilé nesrty’
all tokans of //b/ aid /d/ dre within this rovon (Figure 21 in separate anslyses, no corrsiation wes *
found‘bcbv thé length in VOT of the stops and whether the stop a high vowel or occurred
| inanfimitat 4 production; sl fokens wo;.of initial Stops in stressed syllsbles. -

/ : , ' /s

TG

‘ lqr’eontrat the diffmm between the m«n VOT vaives for /g/ and lk/ is not s‘(niﬁcmt’ .
LTable 4). and the. majority of for fg/ (bt not for /&) faliator the first time outside the short
lag ng:on (ef. the distnbution.of totrm on session‘, F‘sgun a. . : . :

Id

\-

\J

-

>

3.23 Stage 3 (1727 to 192
. '; R ) g ) .

: Onmuona(lJ.ﬁ.Twuhai)Mrstbotvmhmdmﬂmndlthrn
places of articulation: the data foc/b:p/ fall mCato(owl-B.thoufor /Wmcuogory N-A and thou
for /gk/ in Category #-8 (Table 4! On session Al o »n; ‘places of articulation show hi;uy
significant dnfforonas also (Category ll-g for ail three ptieuk

*

ae>vm Tmass(cpcmnotwt-lokp. nnmmvm'vmm/b/(me.um
11),for/d/susm7md8) for /g/ tssssions 7.4nd 8) progressively ifcressed, ususity as the
iean VOT values for the voicsless stops incressedughs s result, Tesss's mesn valuss for the voiced
stona are more similer (0 aduit mean values fqﬂmmmmlthmonm& Similarly,
Tmasmstmmmmmtmmﬁm /p/ (session 11), /t/ (sessions 8 end 11)
. and /k/ (session 11)wemmm«mtmmtmtmmwm
mmfw&m‘stmhdhmumﬂymmwutumwm The lack of
c&rawmmrpmsvmwmmmumuummwtt-focmm on
uumn&hormonforlplfdbmaﬂymthmthommd bounderies for sdult fo/ (8/15 tokens s
an).andl‘nr/;/mmfdkmmﬂlhpmwlwmwmﬁ/ldtm250
me): . . AR _ g
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. The mesn for /k on sesgion 8 falls within the nnp (*70 to #86 ms) roportod for /k{.in the
@smch of adults, ahd thersi®é’ spoiid be catogohzed ss HIB. Tessa'’s. /k/ mesn on' this session and
Tom’s /p/ mean on session S are the only cases w violate the_general progression of data through -
( Gategories 1IB to 1HA; in all other cases (i.s. Tessa’s /p/ and [k/, Tom's [t/ and /K/ and Jm s /p,l.kﬁ_
' the children’s voiceiess stop means are initially shorter than gduit mesns (UB) and then considerably
ionger than adult meens (IHA). in seven out of nine cases, the stage-wise nsture &f UB followed
"\ by WA holds; in the remsining two a Deneition stage occurs (chronologicaily) between HE snd A _ -
~Slata=-s stage in which the chiid’s voicsless stop mesn is in fact adult-like (i.e. a stage technically Mg’
in the pns‘nt descriptive systom). The surpmmg mw-abam of such ‘transition’ dets will be
qssodmsoct:ondo - . . )

-el

An examination of the range of préduct!ons in Figure 3 shows that Tessa’s /p/ tokens .
gradually move into the dult /p/ range-(séasions | through 11) and that her /t/ and /k/ somewhaty .
more quickly move Mto the appropriate aduit sanges. For all six coneonents, the ranges of vduot are
-considerably Iargor then adult ranges for the same stops; it sppesrs thst Tesss is in Jome sonu
exploring phonetic space in her altetipt {o determine the appropriate phonetic targets {see section

4.0).

~

»>
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!
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Stage 3.24 Stage 4 (20.10) . .o ' -

For Tessa as for all the children, the final stage in the ‘development is one in which adult-like
ptoducuons are achieved. For Tessa, the VOT mean and range for all snr stops {i.e., Category m-A,

. session 11) must be shortened back toward aduit vaives. . \
- ) N / M “7 s i /
F However on sessions 16 (210.10)—the last time she was recorded--, the mear VOT values for -

/ptk/ are longer than on session 11 (Table 4). These means, which are considerably longer then aduit
means wouid be, have incressed as the ranges of tokens heve incressed (Figure 2. In gontrast, the
mesn VOT vsiues for /bdg/ heve decreased, s compared with the respective mesns on session 11
" (Table 4). The mesn for /d/ is within the aduit range of mesn VOT valuss (+5 me 1o +17 ms). The
shortening of the mesn for /g/'is importsnt: on session 16, the /g/ meen is well within the edult -
perceptual boundsries for /g/ for the fmt/n since session |,

r‘ .
3.3 Jane
) P

Tabuiation of all stop-initisl words W on each uwon shows that Jane’s sessions 1

: through 7 (1;6.19 to 1,8.24) were characterized by » prepdnderance of beinitlsl words (16

- tokens). Words beginning with p- and g- were compnnttvdy uncommon: during the same time .
she_used only three p-initisi words (16 tokens) and only three g-initisl words (3 tokens)y k-init| words
were more common (6 words and 23 tokens) On.ssssion-3 when she wes 1,9.15, she wis using
roughly equel numbon of all stop. words m:tpt for g-initisl worde; at this point she still only used

. €
- .
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" proportion of tho voicsd stops with Mnc lead.

. o

s 14

, -22- \ o

. =

three sih words, By the mt sowon (when she was 1i40:7), she was using at least eight words of e
each ty . . . -

. — .

- - -
~ . . . "

In contrast to the lexicai aymh& 3t the labisl and velsr places of articuhtlon, the number
and frequency of d- and t-initial words were roughly equal over time. Although at the beginning, d- i
and t-initial words were few in number-(four words of each type) (and d-initial words were-produced .
slightly more often), from sessions 1 through 7, she produced t words frequently: five d-initial .
words .('ia tokens) and nine t-initial words (24 tokens). . Lot

:"‘11

- ’ , . .

The above pattern of vocabulary acquwtlon correlated in an mtoruting wn/ with Jane's - .
acquisition of the Voicing contrast.” She first had a contrast of voicing at the slveoisr phco of . -
articulation, and the rumber and frequency of.d- and t-omtul words wers apprommtof equal from the
beginning. She acquired the contrast ‘between /b/ and /p/ on session 8—s development w. was -
ac mpamod by a Iar‘umrom in the number and frequency of peinitisi words; prior to sessj 8. the
number andlroquoncy of b-initial words wa‘!‘”gmhcantly greater than that for p-initisl words, and tho -
YOT values for /p/ nearly all tell in the t /b/ range as did the VOT values for /b/. On session 9,
when thcmﬂfbor and fr'oquoncy of g-o words increased substantla"y, the difference. betwaen the
mean VOT of /g/ and /k/ is sngmfucant for the first tum- prior to this point (from sessions | to 8), Jane
used three g-initial words (only & tokens) and seven k-initisl words (38 tokens), and /8] was treated
by Jane as if it were /k/ (cf. session 8 discussed below where -all ‘Ig/ tokens are Wd to the long lag t
region at the same time that /ptk/ shift). . \ Tew.

Among the four subjects, Jane used the grestest amount of voicing lead.
study, 9% to 40X of ail /b/ tokens were prdduced with voicing lesd. From sessions |
similar proportion of /p/ tokens was produced with voicing lesd (14% to ,29%), but the
was considerably nsrrower (-35 to -6 ms)_ than the range of lead for /b/ (-139 to
stopped producing /p/ ¥ith voicing lead after session 8, the session on which the /bzp
acquired. She began producing voicing lssd on /d/ at sessions 4 snd 5 and on /g/ on_session 11; /t/
and /k/ were never produced with-voicing lead. The consistency with- which she produced voicing lesd
on /b/, the use of long lexd (in adduhon to short lead) and the possible spresd of voicing lead to /d/
and /g/ suggest thst Jane may be one of the set"of English speskers that producs at lesst some

3 . . - N --
a1\ .‘-_’_ » = D A BN T ol
[ 2 —
y

; MNSEST T r'rra___ S
Ag previously mentioned, Jane (iike Tesss) aequn:i,gh. voicing contrast first st the siveoisr,
then at the lsbiaj and finelly at the velsr place of srticuistions this deveiopmentsi .otder will be
described as thres stages in the following discussion of her dats. Uniike Tma however, only one set
of data {/d:t/, stege 1) fit Category H-A, and none-fit into Calegory -8 rast to the gradusl
progression of voicsiess stop tokens .into the long lag region seen in Tocu} ta, the ‘same trangition
in Jene’s dsts appesrs to bo much more abrupt; however, this -abruptness’ may be p.rtidly to .

sampling mtervd .o .

",’ . + =
’ e, 1]

n : : : S
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Tho first stage in Jane’s dat; is one in. which hor productlom show sqmo .cwdinco f }
contrast at the alveoiar but not at the labial or “Slar placs of articulation. sessiong 1-3,.4-5 and

6-7, the .mesn _for jt/ is dways st least 8 ms longer than the map for /d/ (T 5). On sessions 1-3 ,

and 6-7, the distnbutlon ‘of tokens for /t/ is different from that for /d]. n the data from combined
sessions 1-7, the differsnce between the means is s»gmﬁcant (Table 5% in aqdition to the one-tailed t- °
tast, a two-way anslysis of variance was done which was aiso significant (sp=.018). Note that the mean
for Jt/ falls almost within the ‘aduit perceptual boundaries for the voiced phoneme (Table 3), and that
most tokens of /t/ tail within the adult perceptual boundaries for /d/ (Figun 3). "in ssparate anslyses,
we exsmined the VOT. for ail tokens in rehtuonchlp tor vewsi - height, stress and' the 'varisble *
spontaneous-'wﬁtod; no correh{lnon was found. However, s few productnom of twa x:ords worc
@unusual . . R “‘“ - [

. .On session | (1 i6.19), there were thrn [t/ tokans that were produced with long leg: m +86
.ms, +118 ms; and teddy +68 ms; ihess tokens are unusual in that no other /t/ tokens (nor any /[d/
tokens) were produced wilh fong lag until session 8, at which point all /t/ tokens (and no /df tokens)
were produced with long lag. The two productions of {oy and ths one of m:ouid be interpreted as
evidence that Jane was cerrectly using long Jag on at lesst these two words (cf. the lexical diffusion
model). Thos/oxphmtaon seems uniiksly fdr the following ressons: gy was produced three times on
the same mssvon with short to modeutely long lag voicing (+8 ms, +11 mé and +39 e} and one
production for a voiced stap (/b/) was producod mth long lsg (session_4-8)*In aﬁitmn, the ranges for
both /d/ and /t/ included a substantisl proportion of tokens in the modonhly long ln region o‘ho;

- 35% of 'the /d/ tok.m fall- between +21 ‘3nd +48 ms, and 46% of the /t/ takens fill betwesn +21 and
5 ms (sossoons ‘1<7). As'in the case of g0 in T’mas corpus, we conciude that the production of -
these long lag stops approximatery 3 moutls prior to the iong lag stage does /not indicate a Mn\ﬁcant
lexical poram‘tor at the phomtic level of VOT . ‘

LY

-

" At st e 1 (sessions 1-7), there is no cvtdom:o fora contrat between the iabisl or velar
‘bhoneme pairs: (1) the means for both /b/ and /p/ on sassions 1-3, 6-7 snd 1-7 faHl between O and
+10 ms (well within the short isg region); the combined 17 umom show that b/ and /p/ are n“riy
identical (cf. the mesns and standard’ deviations, Table 5% and' both o/ and /p/ tokens show nesrly the

.~ same incidence of prevoicing (Figure 3) (2) Jae means for both /g/ and &/ tail within. the rms of O to

+52 me (Table 5), and the three /g/ tm fail Mthm the rengé for /x/ tom (+6 to +134 ms, F'muro
3). . 3 ; g .

.1#‘ . . - ’
- . ¢

- -

" 332 Stege 2 (1;9.1%) : ~ S
| . Y

Stno 2 (souion 8) is merked by the acquisition ¢f a contrest bttvoon /bwp/, a highly
sagmﬂcmt differencs: btt\vuu /d/ and [t/, tha production of /ptk/ ss consistently Iom isg stops, and
additionsi evidencs for a lack of s contrast between /gk/. On first giancs, it sppeers thit the shift of
" /ptk/ to the long lag region occurs very abruptly. However, session 8 was mtod three weeks
“after session 7 (due td"the child’s iliness). We sssume then that ssmpling intervel is at least partisily
responsible for the sppegrince of sudden change (cf. Tessa's ssssion 7 and 8 dsta which were
collected at a two week intervei (Figure 2) snd which show a less drimatic change). ~

»
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‘ Between session 7 and 8, Jane Uegan“producing at least some /p/ tokens with iong lag
voicify. in the production &f p-initial words for ‘session 8 (1;9.15), we find thetthe only short lag
values occur in productions of “old words” (e’ those worgs which hed been in her productive
vocabulary since 1;6.19). Thess words are-pop +37 (om dso +289 ms), pig -6 ms; +9 ms, +18 me
(once +137 ms) and pymbkin -7 ms. Al other p-initial words produced on this session were “new" (ia.
‘produced for the first time) and all were prodmod with long lag voicing (+84/+173 me). This
distribution of short fay tokens by word type'(is. in old words only) could, be interprated as evidencs |
-for the ;ndual spread of long fag through the lexicon. ' However, each of the new words wee produced
Only once; 'with more tokens, these vord: my also havg shown varisbility.

* ’ : . B -

By tmmmtm VOT values for /t/and/klabom%! into the long m n..on, '
and the means for all voicsiess slops are considerably longer than adult mesns (Category M-A). The
difference between the means for /t/ and /d/ is significant, and the ranges are non-oveclepping. In
eontrast, the differsnce between the means for /k/ and /3/ is not significant; as Jane moved /k/ into |,

; ’thelon;lagrogmshossmlaﬂyshﬂod/g/ The two words effected are: nﬂwhchhodboon

-

-

p(oduccqwqth.aVOTof*29mmm2waprodw_oda¢68monm&ggﬁwhchhud
been produced as +39 ms on session 7 was produced as +142 ms and +135 me on session 8; gogg (+37
ms on session 7) did not occur in the corpis for session 8.

—

.

3.33 Stage 3 (1;10.7) | " >

o
.

On session 9, Jane’s productions for /g/ and /k/ show a significant difference (Catnory M- .
8), and trﬁ nng«domcmﬁm\hsmmmwamﬂofmbmnm the short’lag / .

rognon | Whether this deveiopiment censtitutes perceptusi lesrning, an advancs in production or a
reorgamzuhon at the phonological level cannot be known. To posit phonological. organization as the -
sousce, one Wiluid need to assume a priori (and in of evidence) that Jene perceived the
phonological®and phonetic contrast between /g/ and /kKin the adult lsngusge end, secondly, that a ~
general phonological constraint on the complexity of her own system allowed only -2 two-way voicing
/?mc (/op/ and [d:t/). The context-free phonological rules needed would be: Stage 1, /g/+fg] K
J'Stage 2,~/g/+{k] /k/+{k} and. Stsge 3, /g/~{g) /k/~{k] (whers, in ail three ﬂn@
oss, umsp:ratod and [k] is voiceless, sspirated). Thé motivation for such a rule change is .
K (gnvon the assumption that the child’s perception is not a factor), and we know of no casas in the
literature where a child has a contrast, produces one member of the peir correctly (/gf, Stage 1).and
then loses the correct production (Stage 2), excapt in those casss where a contéxt-sensitive rule hes
been added tc the grammar. We conclude then thst Nmmﬁkdythotth‘dmomlg:k/ at stage 3

indicates thai Jane hes perceptuslly lesrned to contrast /g/ end /k/. if the explenation wers
mrculatory in nature, it would be diffiguit to explain \vhy sho initislly moved. /g/ from tho short lag to

thnlon;.agrcgioﬂ\,uﬁwn&). ) N

- To shed additionsl light on this issus, we retur the pattern of vocabulery acq(nuticn '
discussed at the beginning of this section. On sassion 8, when Jene shoys the first evidence of. having
acquired /b:p/, the rumber of p-mitid words in her pfodudhn vocw-ry increased from three to

-
<,
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- " eight. Three weeks lster, on session 9, when she shows the first evidence of having acquired /'g.k/, :
" the number of g-initial words aiso increased from three to eight. In contrast, the number and
frequency of d-initial words were similar to the number and‘frequancy of teinitial words throughout
[ sessions 1 to 7 (where the difference betwesn the mesns, when sessions are collapsed,\i significant),
: and both d- and, t-initiai words occurred more frequently i® the. corpus then either p- or g-imitial
" . words. It should aiso be noted that not only the total number of individusl p~ and g-initial words
mcrnud on samon 8 and 9 rospoctmly, but the number of tokens for both /p/ and /g/ ssmilmy '
incressed. At lesst two oxplamtiom are possible: oothor Jane did not acmiro the contrasts botwnn
fowp/ and /g:&/ until session. 8 and "9 because sh. did not know’ sufficient p- and g-initial words to
recognize the contrast; or she percsived_the differences between [/ and Igx/ sufficm\tly weli to
"avoid’ p- and g-initigl ‘words, becsuse she knew she could hot profounce these sounds (ct. the .
phonologically motivated avoidance strategies in Ferguson and Farwell 1975). At lasst in the case of

/g:k/, the fo;mor explanahon ssems most hluly
L3 Y b

. ‘ .

z 3.34 Stage 4 (1;11.0 to 2:1.16)

' ) .

Stage 4 (sessions 1L and 16) which had not besn compisted by the end owwy,‘ ,
invoives the mastery of aduit-like VOT values for each stop. Jane was making prggress toward .-
goal by Mhortening the VOT values of /ptk/ and /bd/ (Category lH-A). In conmtrast, the mean for\;

. . unexpectedly incressed such that it once again fell within the aduit perceptual boundaries for /k/. The

. long n for /g/ (+54.14 ms) is caused by thres.vaiues: goose +i64 ims; and garbege +116 ms and
+195 ms. Al other. vaiues are $46 ms. On the same session g0ooss wis aiso produced as +27 ms; on

. the previous session analyzed (session 11), goose was produced as +13 ms and garbage s +6 ms.
Thus, this change in the mean for /g/ (on session 16).wgs not causod by the idiosyncratic behavior of LN
" newly acquired word but is rather furiher uvidence of_the varisbility” with wm words woro
~ - produced. ) N - ‘

Ny .
»
3.4 Jay . : ‘ N

»
“

N o . )

Betwesr the ages of 1;7 and 24 Jay did not acquire a voicing distinctin in initial position

that was discernibie’ to the aduit esr. Aimost all initiss stops were transcribed se voicsiess and

unaspir sted; thire f’ro very few errors of placs and these were ususily sttributsble to assimilation.

" At the bogmmne of rccordm, thoro wss 3 merked lexical ssymmetry in his dats such thd words

beginning with b-, "4~ and k- predominsted (figures bolo\v are for the totai number of ditferent words

and tokens produced on sessions 1-3): /b/ 12 words, 44 tokens; /p/ 3 words, 8 tokens; /d/ 6 words,

20 tokens; /t/ 2 words, 5 tokens; /g/ 3 words, 4 tokens; /k/ 8 wdl. 29 toknm. By session 9, the
distribution was fairly sven.

-

b s, .

-

* Jay's dets were anelyzed in six anchor points. esuits srgiven in Tabie 6 and Figure ’
4. Throughout the study the VQT distributions hed basically the same cheracteristics. Sincs there_was
-no apparant change over time, the dats fov uch stop consonent scross sil sessions were couapnd, snd

v
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Q ‘ '\ 28 ! . .




4

%

[

v/

Tible 6. JAY: mesn vOT yelces, 'm of ¢ st stiom.
. ‘.
Session 1-6' 7-8 11 16 |7 1s 19 1-19
L — - )
1;7.9% 1;10,5-'| 2;0.0 ;2.2 2;3.0 T 2.2 1;7.9-
‘7 1;9.22 1;10.13 ;4.2
' T
Mol mam | w13 | w60 | c2.87 | w27 | wnsr +#.50 | w.n
, ' 15 s . 18 5 18 10 8
, $.D. 20.26 .30 n.an 11.17 18.47 5.30 19.31
Jrmge | -65/+24 | 0/+33 -123/+20| -Y9/+25 | -sS/em | o/+t -123/433
. . * \
/o/ snen | 49,07 +9.553 +7.82 -3.00 +13.20 +4.13- +7.34
] 13 u u 18 13 15 _ 82
s.D. 6.73 6,19 10.97 39.27 ﬁ s.18 19.20
raage | 0/+2¢ +2/+20 ~3/+38 ~134/+33 /456 0/+33 ~134/+54
sig. level ! = 'S -
a > \ \
. - * ]
M A s
14 meamt s6.13 | ‘4147 [, 47.53 | 10.20 .85 | aarde | 2.
x 18 15 |18 15 13 15
$.D. 6.32 1.50 2.53 6.99. 42.07 34.46 .20
rmge | 0/+23 0/+14 +3/+11 0/+23 <108/419| -108/+13| -108/+28
It/ mes | +10.50 [ +16.60 | +16.47 | +e.47 | 49.03 +0.13 | +11.03
] T 15 18 ‘15 7Y 15 .88
s.D. 7.43 .70 { .22 31.90 7.13 29.63 1a.n
S rage [—0/+23 L 0/+37 +1/496 ~62/: #2+13 | -102/+28| -102/+9¢
sig.level| pm.08 p<. 001 . ] i po.007
? . o iy - — -
Jof mom | +15.50 | +12.80 +#3.00 +22.20° | +14.27 +13.27 +13.86
‘ ] 12 5°. 15 15 1s 18 L
$.0. | 9.00 4.55 7.2 | .17.03 11.08 8.8 .17
tonge | +4/+38 /420 o/+17 .| +/+n ~3/+13 +*V+38 | .yent
. I wmom | 42580 Vas.00 | s1s.40 #2613 | 42287 | s | a9
¥ 13 13 13 13 18 - 1s .90
* 8.D. 14,41 9.76 .7 12.9% u.07 1278 12.22
comge | 0/45% +3/+90 ~2/+26 0/+48 +6/447 +3/%33 =2/+5%
sig.level| pu.023 - p=.021 .02
N - y
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Figure &. JAY: vOT v-lu'n for esch etnp token, be nlsen n€ -reiculacion ~nd hv esasion,
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these resuits are aiso given in Table 6. It will be seen thst the majority of VOT vdu“ for voiced and
vaicsless stops fell within the short lag range. Taking short lag 1@ be O to +20 ms for labisis smd
alveolars and 0 to +40°ms for velars, thon'ss 4% of all tokens fell within the short lsg range. Cver all
three places of articulation, 94.8% of tokens fell within'the rangs 0 to +40 ms. Of the remaining tokens,
1.9% hed VOTvduugrntor then +40 ms and 3.3% were produced with voicing leed. While most of the-
tokens in the range >20 ms occurred in produ:tm for an aduit vombuphu\om,mwon for an
aduit voiced pHoriemes similarly, while most of the tokens produced with, voicing leed occurred in words
which began with an aduit voiced phoneme, some were for the aduit voicsless phoneme. The lesd -
tokens were spreod throughout the rarge from 1 to ~-140 me.

-
¢ -
. -

4 - . — ’-__\‘
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Nthoughhy did_g(mxo acquroamdistinction.hnwommmntsm
which tho dlfforomu botwoon the mean VOT vduu corrnpondin; to adult voiced-voiceléss stopc

- LABIALS. There was néver a significant dlffmnco between the mesn VOT velues for /b:p/
in four of the six anchor points, the difference was in the expected direction (i.e. the mesn for /p[ id

" -greater than the mean for /b/), but in the remaining two anchor points, th.rdffonm wes in the

" opposite direction. in the data from the combined sessions 1-19, the mesn for /b/ was not significantly
diffarent from the mean for /p/ (Table 6. Sincs Jay's lsbisl data show ne evidence for a contrast, they
fit inta Category 1. Thers were nine examples of vpcmt lepd (six for /b/, three for /p/ Figure 4),-and ,
nine exsmples of continuous veicing (sil but one in /b/ tokens). There were more tolw"rodueod
with Ind and continuous von:mg towsrds the end of the study. . i

¢ ..
ALVEQUARS. ouu ttnmehorpomts.tlnmmfor/t/v.l«mrtmnthnm for - fd/y

the differencs botmn the mesns wes significant on two occasions (m 1-6 and sessiors 7-8, ..

" Category N-A).” Furthermors, when sessions 1-19 were combined, there was a significant difference
between the mesn VOT values (Table 6) in addition to the one-tsiled t-test, s, two-way m'd'ysh of
varisnce wae carried out and wes siso significant (sp=.011). There were eight exampies of voicing
lead: 2 tokens of /d/ on ‘session 18 3 /df tokens on session 19; 1 /t/ token on session 165 and 2 /t/
tokens on session 19 (Figure 4). Thers were aiso thirteen onmplu of cod(vm voicing: 1 /d/token
on c‘b’unon 18:>s0d 12 /d/ tokens on session 19. )

. ) — -

- s
.- 4

' VELARS. As with the dv.oam,unrmtmupmmqummdm
voicsless stops was such thst thé mesn VOT .value for the voicsiess siop was aslways longer than the
‘mesn for the voiced stop, except cn session {9 where the two mesns were nesrly identicsl. The -
difference between the meens wes sighificant.on two anchor points (ssssions 1 -6 end session‘18). For
the combined sessions 1-19, both the one-tsiled t-test (Table 6) and a two-wey snalysis of arisnce
(sp=021) showed the difference between the /g/ and /k/ mesn VOT valuss to be significant (Catagory
N-A). There were two exsmpies of voicing lead: 1 /k/ token on session 11 and 1 fg/ tokep on session
18. There were five instances of continuous voicing: 1 /g/ token end 4 /k/ tokonl:, sli on session. 19.

4 * . -

1
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For both siveolsrs and velars then, overall there was a significapt differencs between the
means for the voiced snd voiceless stops; nevertheiess there wae & high degree of overiap between
the ranges, and most tokens of both voicgd and voicsiess stops fell within tho_ short lag regions.
Before concluding that Jay was attempting to producs a voicing distinction between /d:t/ and /g:k/ but

" was unsbie to reproducs an aduil-like contrast, we investigated several other variablles that potentially

Ve

could have affected the resuits. We looked at the possible effect of vowel height, strees, individusi
lexical items, and mode of elicilation. None of these virisbies appesred to show significant differences.

L}

-
7 We siso considersd the bo'nii;ility that some systmtk experimenter biss couid heve
influenced the measurement of voiced and voiceless tokens. However, this seemed unlikely for two .
ressons. First, when we begen the study we did not expect the children te have ¥ voicing canfrast in
their. speech and we especially did not expect to find consistent differences in VOT values for short lag
productions of the voi and voiceless stops; howsver, the dstfonnm found in alveolsrs and in vsiars
were present from the inning. The second rsason why ex| ter biss is an unlikely explanation
is that there was never a significant difference betwesn the labisl voiced snd voicsiess stope; it is

rather implaucibie that such a biss would sffect plsces of articuiation differentially.'2

’ . We !horefon conclude: (l) that J‘ay was attompting to prodv.m F dlffonnc. eon the
voiced and voiceiess phonemes at at lesst two places of artioulstion (Category #-A)k (2) that the

contrast he was maintsining fell within the aduit voiced phoneme boundsries and thus would not be.

perceptible to aduit speskers; and (3) that without instrumentsl anslysis of a lsrge number of
_uttsrances, no evidencs_could have been found to mducato that he had a a phonological voicing eontrut
at these two pisces of articulation.

-

]

Unlike the Lthor children who as esrly as 15 or 1;7 begen to produce ‘some aduit-like

voiceless stops, Jay had not acquired an aduit-like voicing contrast by the end of the study, when he .

wae 2:4.2 Thus, he will be at lesst 11 months oider then our younged child when he begine producing
long voicing for /ptk/. in other sspects of language deveiopment wes comperabie to the other
childrpo-in the total number of different words he usegd and the of tokens he produced per
session (see Table 2) he was similar to the other children (especisily- to ). To compare the children
to each other on general language development we roughly computed MLU (mesn length of utterance),
following Brown 1973.'3 : y .. . ’

o

All four children had. a MLU of L0 on their respective first seasions; for Tessa this rose
above 1.0 on her third session (age 15.18% fortJane on her second session (1;6.22% for Tom on his
fourth sessién (1;7:21% and for Jay on his fifth session (1:9.4). Tom thersfors hed sn MLU of 1.0 when

. he hed a highy significant voiting distinction at sl three places of articuletion (session 1). Tesss hed

an MLU of “about 1.93 when she had thess distifictions (session 8), snd Jene had an MLU of about 1.57
when she had thess distinction (session 91. On his lest ful session, Jey Ired sn MLU of 2.23: it seams
then that his generai lsnguage dgveiopment (ss messured by MLL) at the end of the study vigs shead
of the general langusge deveiopment of the o(hor children at the stages .2t which they scquired
roughly adult-like voicing contrasts. . .
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Clnrly, it is not the cass that MLU correlates directly with the acquisition of voicing: the
dah from Tom, Tesss snd Jepe show thst M.U may yary from 1.0 to '1.93 at the' time at which a fairly
adult-like voicing contrest is produced st ail three piaces of articulation (cf. Bond and Wilson 1977).
However, we prgssnt MLU dats lo shaw thst iy was progressing normelly with respect to-general

. . langayge development; it 73 aiso true that in other phonologicat aspects he was protnwng normally

(e.g. he used at lesst on'o/ fricatide (in medisl and finsl positions), 2 postvaoalic /r/, several finel position

cansonants clusters, and many poly-sylisbic words). Since the age range reported in the litersture for
the agquisition of the voicing contrast (1;4 to 2;8) is also quite large, we conclude that it is possibie
that Jdy is ithin the range of individual differences wh«:h can be considersd normal for the acquisition

of voicing in English.'* . ) .- )

-
.

~

4.0 Discussion

In this section, the data will be reviewed in order to cheractsrize the general stages (4.1)
and to provide a brief summaery of other major findings (4.4). In addition, the dats will be examined for
evidencs, which shed light on the nature of the skiils being scquired 14.2) and the process of change
within esch chiid’s system as reisted to two major modeis for acquisition (-4.3). .

s

~To facmtote compmson of the four subjects, some data from section 3.0 ane repested here
in Figurs 5. This hguro plots the change over lime in mesn VOT vdua for each stop for each child.

L4

For reference points, the aduit perceptual phoneme boundsries and the aduit mean VOT vsiues for esch

stop are aiso included in the figure. To avoid unnecessarily complmting the figure, oniy one mean VOT
vaive for esch aduit atop is giver thuo mesn VOT values sre from Lisker snd Abrameon 1964 (but
“note that .the Lisker and Abrameon mesns for the voiced phonemes exclude negative VOT vaiues,
whereas the mesns given for the children, in some csses, inciude negative valuss). For esch child, the
VOT means are presented separately” by piace and in left-to-right order for lsbisi, siveolar snd Veler
stop psirs. Seneath each set of mesns are the session(s) from which the mesns come and the category
in which they fail, lntmuctmthndmwiHMortodd-prmntodmﬂwnsm

otherwiss noted. "y
—

- 'j —
HAS N )

TINSerRT Sz S pee 1 e -
4.1.Stages to the scquisifion of voicing ss seen in thess data ¢ j
4 )

’ lnunonl,-thopﬁtornwﬁchmfron@hdntaisminvﬁdgﬂnnmﬂwur!qu
to the acquisition of voicing: (1) the child hes no contrast (gdqu Ix (N) the child has » contrast
one which falls within or nesrty within the mptudb«mlumofomﬂtm(wm Y

and i-8)% () the child has a contrast which resembies the adult contrast (Cah;oriu H-Aondlll-a)

» . ‘ ‘M‘)

STAGE L In stage |, the child produces predominately short lag stope (cf. siso Kewiley-Port

and Preston 1974). Short voicing lesd wil be prifjuced occasionsify for either sduit voiced or

vou:ﬂouphomm Wm,mlqmcfwmdo(ﬂwsmmmrmmt
voiced or voicsisss stops.

- w

5

-\

.




-e

. \')

ERIC

Aruitoxt provided by Eic:

“

-

. /‘/ -, - - - /./ > -
v/ 14/
-20
X /n/
’”"""l%c'uuu. BRI t1sumw oy o
k 018 L 1018
3 AL L M AL
Category b n m™_- m
. . . .
-7 mnl Alm‘ﬂl LT
+181 4 JAY
+1 60 4 ) » ‘
+140 g ’
*12n 4 ' ’
+100 4 - ~
anﬂ ‘j -y T T S T
mq ___-. - - an e gn e eD e
o /P/ - e ——
«“04_ \ v/
L - . N -
+2n4 » - e/ /!/; %'{
04 ‘;24.. ’.!w‘:_..'-' ""Y>" g/
Y, ™~
«20 4 . 7/5/ - /4/

.Sndo‘**## tuw *g,’,+s Wi i##,‘,cq "ie

+}Iﬂlﬂ* *}Ilﬂﬂ* *;ﬂ“lﬂ*

Crcepery ) T A== A= } . - ’
- e : i
. [ S -t 1
- p— M » ’
. (REY] Pp— Adult mewm VOT (uwpar dsched linewvotcsiens <top: lowerewetced «tne) *
————  Mult perceveubl Sowndsry (te. 30T x-aver potac) ' :
: I
. x Sigatficant diffiremce betwesn the weman for » votced-wniceless patr
— Sesnione which are collepred -
- .

PN




- labelled ali productions as ‘voicsd’. In five seperate di
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STAGE’!I. in stage K the d'uld is still producing most stops with sl'lort ng. W howovw,
for the first time, the mesn VOT forthe “adiilt voicsidss stop is consistently long across several poirits
in time than the mesn VOT for the aduit voiced stop. Cepending on the ghild, | Fesulting ditference
between the mesns is either consistently significant (Tessa) or u;mﬂan& on some -sessions but not on
others (Jane and Jay). Children maﬁummtmmﬂothmstoﬁs dunn(thastm:\

‘Tesss graduasily lengthened the -VOT of her voicsiess qtops ‘(snd thersby, incressed the contryst

between thvm'dmmstouxwhhmmhydidmt Mn;tfnstgo,thodwld
(ypocdlymmtmhﬁMMﬂmMmthdmm,mmywn

+ to produce some aduit voicsiess stops with (moderately) long lag voicing. . . : >

/

The stage A) data are interesting in that the contrast thst the child is ieinteining wee not .
noted by the transcribers and is presumably not pofeoﬁtibb to aduits in genersl.: Dean and Mm'tén
1976 report a smnlar case: when the phonemically voiceless stop productions of md speskers
were examined spectrographically, 2 statistically significant number -were distinct (in the sppropriste
VOT direction) from their productions of phonsmically voiced stops; listeners, howevsr, preddminently
studu, Labov ot al. 1972 found thst
small diﬂm in their own speech

speaskers, as for exampie in Tillinghem (Essu). eonustontly

: which ssrved to maintsin the identity of word daus. that thess same Speskers could-nbt label

thege diffgrences on'conscious reflection (in minimel paiss and in comuutathg tests), either in their own
speech the speech of others from the same dislect ares. These wthorsgndudo that “intuitive_ -

. judgments of "same’ or ’different’ are not necessarily ‘s relisble base on which to buld » theory of

phonological development”. (Labov et al. 1372. 254). The ‘phonoiogical development’ rogornd to here is
historical Shange, but the comment equally appiies, particularly in the present context, to phondiagicat

_ change in children. The resuits of the. present study dcpﬂythw that, in at lesst some cases, the

jucyiments Gt adults may not capture significant facts about the child’s system and that spectrographic

“anelysis can prov&do insight in pneudy those aress where adult poruptlon f.h.

- ’ =

STAGE & At the beginning of stage il,- the child is producing adult voiceless stops with
extremely long lag voicing: the mean VOT values for the voicsless stope are considerably longer than.
sduit meens would be. Mosiin 1976 (reporting on two children’ spproximetely '1;4) snd Gilbert 1977
(reporting on dats from six children ages 2;7 to3;3)ihofomd that children’s voiceless stop meens sre

]

. . /

longer then .duu‘ means would be. Zstin and 1976 raport thet two-yeer-oids (sges 26
to 3;0) and ux-ynr-olds(qa&l to axl)mummmwm.m than
do aduits. 1

hzgcmd,uthimfwﬂnmmmunmfwﬂnvdapﬂonm
oMthosmdmmn.tm&wwmmmmtvduddopmnminmw
stqmmtmmotmmvpfwmgwmumlm ﬂmthdﬂ&mm :
tobomsomumoprm;pmtkmmblymmymmtwodthpndutmt
for the voiced and voiceless stops (sithough they have a reistive notion of the sppropriste distencg .
b.twnnnummsuawr)wmwymtmmmmtmmm
Moslin and Nigro 1976 report that for /t/ in the speech of adult-to-child, the YOT values sre




-

‘ with the range of VOT values for the corresponding voicsless stop.

¢
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considarably longer than the VOT values (for /t/) in the speech of adult-to-sdult. Thus, our subjects

]

—

7/

respectively), the mesn for, /t/ incréssed 59 ms (Figire 5).

may be attempting to match the longer VOT values that occur in the input they hesr. Since, however,
Moslin and Nigro aiso report shorter VOT's for /d/ in adult-to-child as compared to aduit-to-aduit
discourse; we would need some other expianation (e.g. expioring phonetic space) ta explsin why our
subjects increase the VOT vaiues for the aduit voiced phonemes. In contrast to the Mosiin snd Nigro
1976 resuits, Baran, Zlatin Lauter and Daniloft 1977 found that for their thres aduit femsie speskers
thers were, overail, no significant differancas between aduit-directed and child-directed conversationy
Baran et ai. found significant differences anly between citatiohsl forms and conversational spesch.
- L4 N

In this stage, the child’s Mop diskributions are wide and flat, with extreme-veiyes at
times exceeding +250 The VOT values for the voiced stops genersily cluster in the short lsg
region, with a few vaiues i both the shoft and the idng lead regions, and the range genersily overiepe

.

‘.
—_—

Lategyin stage H, the child begina to shorten the VOT for both the voiced and voicsless staps
back toward thes aduit values: extreme vslues are produced less offen. None of the children

consistently achieved non-overispping ranges, although the partisl glustering of VOT vaiues proyides’
:5\«

evidence for the improved discreteness of the voicing categories. Ggarall, the Iabisl stops are s
than the 'aiveclar stops, which in turn ire shorter than the velar stops. Only one child (Tom) was
producing all three stop peirs in a fairly sdult-like manngr. i .
‘ > . \( . : .
-y . ./ v o
The transition between stages is in general a graduai one: over a two to four month period
(1;7 to 1;9, Tom; 1;5 to 1,9, Tessa; and 1;7 to-1;10 Jane), the child lesrns to produce the voicsiess stops
consistently with long lsg vocing. However, the transition from itage H to stage W occurs fairly
abruptly: the month-and a haif interval between sessions 3 and 5 shows more changs in Tom's dats
then any subsequent similar period and similarly for the thres week interval between Jane'f\sessions 7
and 8 compared to any preceding or subsaquent three week intervel (Figure 5). Tessa's alveoisr data
show the di;éontinuily between stages i and Kl most clearly: in the ten weeks between sessions | and

7, the mesn for /t/ incressed 18 ms, while in twa weéks between sessions 7 Td 8 (stages H and W

4.2 Hypotheses on the skill being acquired -

.
.
L N P

At issue here then is whether the changes in VOT ssen in these data reflect the deveiopment
of a single homogeneous skill or the interaction of two (or mors) phonetic skills. first case, the
child may be viewed ss achieving a contrast by progressively lengthening the VGT. of the voicsiess
stops; in the second view, the child would be achieving a contrast by first using one phonetic
component (stage K) and subsequently adding a second phonetic cdmponent (stage i), both of which
result in differences in VOT. The case for skill interaction is strengthened by the following: for the
most pert (i.8. in seven out of nine cases), thers-is no trensition stage (is. between stages I8 and- HiA)
in which the mean VOT velues fqr the voicsiess stops fsil within the range for aduit mean VOT vaiues

-
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for /ptk/ (cf. sections 3.1 andX). It we mume the chaldnn to be using a simple dgorithm ’lon;thon '
VOT for the voiceiess stops’, then we have the unuaud situstion in which an entire range of the VOT

" continuum has boon skipped--the range wh'ch is moreover the precise range of adult values.

; . . 1. l == - [ - -—
v .
It the child is uniformly attempting to lengthen the VOT of the voiceless stops, it would be -
reasonable to mumo that ‘the abruptness of the chango between stages: § and. il and thus the
appesarancs of discontinuity, are largely caused by umplmg interval.. it may be that g the pomt at

which the child bnms to produce voicsless stops with long lag voicing, chenges occur fairly r:pldly in

" the child’s producuon; in which case, a twWo week recording intervsi (and obviously a three and.four -

week interval aiso) is too grest a time interval to show the full curve of progrowvdy longer mean VOT
values.. Gertainly, the develepment of many or skills show faster skill 'mprovomnt st some time

periods than at others. Similarty, the acquisition of many motor skills show learning curves -similar to
that shown in these data: a stage showing a gradusi increase towerd the targst. (stago ) followod by a
stage in which the target is ovw-shot (stage W-A). - ., .

f ~

- . ' -’

However, it may be thst 2’ d&contimity does exist in the children’s dovo—‘opmnt such that J

stages il and il represent the acquisition of different underlying skills. In this view, stage Hl could
correspond to the child’s acquisition of the 3spiration component of aduit voicsless stops, wheress
during the previous stage, the child was usigg a ditferent phonetic component to dictinguuh aduit
voiced-voiceiess stops. Leopoid (1947) says t ’Kt

al 2:0. His daughter'stontrast was nGt adulf-iike however: in Hildegerds spesch, the adult ‘voicing’

contrast was merked by the presence (in voicsiess stops) or absence (in voiced stops) of "energetic

release”. In our data, late stage i (since early stage Il is presumabiy not poruphbb) may be similsr to
the "snergetic relefss” stage described by Leopold; if this were the case, the children in stage I would
be separating stops on the basis of a festure like tensengss’ (or burst amplitude). Another possibility
would be that stage W data repe t the children’s attempt to reproduce solely the first formant
differences betyeen aduit voiced and voiceless stops (note that the meen VOT vaiues for the voiceless
stops in stage 1l (A and B) dats range from +10 me to +40 me, the appfo:dvnh sres of FI' Mbnk in -
adult voiceless stops). . .

g ™~ .*

. . L
. The crucisi difference between, the two hypothesss is the following: the single skill
hypothesis assumes that the child recognizes the tunpord differences between voiced and vou:ohu

"stops and attempts to achieve this contrast by progressively lengthening the VOT of the

stops; the skill interaction hypothesis sssumes thst the child hes broken the voiting contrast down into
two (or more) fairly distinct perceptusi components and that in stege ‘ane the child is, sttempting to
majch one .component and in stage Two chenges his or her productions to meorponto the second
componont. The first hypothesis would predict thst changes in VOT over time wouid show 'a
progression through the complete ‘voT contimum, wheress tho sscond hypothesis would prodict 3
qualitative bresk in the changes in VOT at'sdme point on the continuum. Sincs the virtusi obum of
transition data in the renge for aduit /ptk/.mesns msy -be dus to sampiing intervel, and since changes
couid occur fairly abruptly id either the single skill or the skill interaction hypotheses, we have no way

to conciusively resoive this issus. It shauid be -obvious, howo'v.r, that ultho&h VOT'W be thought-of

"
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s a ‘sirfgle continuum, it] does in gact ‘re'prn"ent the confiation "bf several acoustic and articulatory
components; thus, changes in VOT do not necessarily indicate the development of a ‘single underlying

" skill, . ) <

3

4.3 Two modeis for developmental sound chenges ‘
. . AN

The speed vnth which the childrea move from stage |l into stage M may partisily aceount for
the "across-the-board® modei of change discussed by Smith 1973. This model, which is sumkr in some
ways to the nineteenth century, neogrammarian model for historical change, clsime that when a
phonological change dccurs in a child’s system, it does so rapidly and spplies to ali relevant forms (cf.
the neogrammarian tenet that sound changes hsve no excsptions). In contrast, the “lexicsl diffusion’
modei, which was originsily used to describe historical changes in Chinese, clsims that ’'s phonological
change~ nr%ngatu itseif gradually across the lexicon, from morpheme to morpheme (Chen snd Wang
1978, 255)". In studies of child phonology acquisition, evidencs in support of the lstter modol‘hu been
presented by Hsieh 1972 and by Ferguson and Farwell 1975. -The two models differ- primarily in
predictions about both the rate of change (rspid versus gradual) and the nature of the change (few if
any lexical exceptions versus many lexical exceptions). Both modeis as used in the child phonology
literature would predict at lesst some varisbility durip; the stage at" which a change is taking pl.oco.

L 3 . .

<

Aithough the children’s phonetic acquisition of adult-fike long leg voicing does. appesr to
occur quickly (stage lli-A), we have owdcm that the children are making a phonological con(rut even .
earlier, that at lesst one child (Tesss) was improving this contrast throughoUt stage i, and that for the
two children for whom we see the acquisition procsss completely (T 0333 and Jane), the sprud of the
voicing contrast across ali threg places of artieulatlon takes approximately three months. Since at some
point, the children’s voicsiess stops mave into the poruptud boundsries for the sduit voiceiess stop
(stage 1-B), an ‘aduit’s judgment of 'across-the-board’ change is more directly a function of the
categorical nature of the aduit’s perception than a function of any categoricsi chenge in the children’s
production; thus, to the extent that the childfen lengthen the VOT of the voiceless stops (from stage H-
A through stage II-8), the' description 'across-the-board’~-which implies rapid phonoidgical change--is
erroneous. Since the 'across-the-bosrd’ labei could be applied to the changes seen at stage HA, the
modei -ccuntoly describes a phonetic chenge but cannot account for the siow (three month)
pheonological chtn;u in the stop system ss a wholes the. gndudma of this "change li-rodictod
correctly by the lexical diffusion modet. -

-

.
£ 3

) . The date from il four subjects overwheimingly demonstrate that the phonetic VOT range for
anyphommo will bofoundmmyword whchboumviththalphovm providéd it is produced a
number of times. Thus, in ;omd. we hovo little ovodom for the lexical parameter mumod by the
laxicai diffusion model; insofar as this leXical homo;mty refutes this modei, we have ovodoncn for a.
model which would predict the lexical exceptioniess paturo of the change, ss the across-the-bosrd
model would. Sempling, Rowever, is ‘sgsin s critical factor. Aithough we sre confident that our.dsts
adequetely represent each child’s vocsbulsry (see section 2.2), we cieerly did not record, on easch
session, sl the words that the children knew; in addition, it is possible thst we did not record at

«
.




frequent enough intervals to fully documaent the time of change (cf. the precsding discussion). Thus, it
may be that our method was ili-suited to provide dsta of the sort required by the lexical ditfusion
- model. - . Y

v

. \

: in summary, the geqerally lexicsi-excsptioniess nsture of the developmentsi “changes s
correctly predicted by the across-the-board model, and the gradusi spresd of the phonological voicing
contrast through the stop system corresponds to the concspt of gradusi-changs found in the lexical
diffusion model. However, some words do“appnr to be exceptions to iho psttern in a particular stage
(8.g. gan, Tma; and teddy, Jane), and in one ghild’s data long | ing may have first sppesred
in 'new’ words; these data could be evidence for the lexical ui model. Similerly, the transition
into stage A could be ducrlbodun across- the-board’. Thus, neither modejis completely correct but
both have umportant eslements that correspond well mth particular aspecta of the dda reported here.

/
4.4 Additional findings

in addition to evidence for three stagcs in the acquisifion of voicing in the stop system as a

: whoie, we have some data on the order of acquisition within tht stem and data on the' off.ct of place
of articulation on the procéss. For two of the children (Tma and Jane), the voccmg contrast appesrs
first at the alveolar, t and fmdly at the veiar place of articuiatiom thess children also
establish non-overlapping es first at the alveolsr place (sse sactions 3.2 and 3.3). For one child

(Jay), svidence for a contrast s "in thc slveoisr and velsr data but not at all in the ‘labisi data. -

Fot three chiidren (Tom, Tess Jane), voicing at the velar piacs presented more difficuity than st
the other two places. For both Tom. and' Tessa, /g/ shifted from the short |ag region into the jonger lag
production range and thus aimost into the aduit perceptuil ‘boundsries for /k/; Jane went through a
short stage when /g/ was produced with extremely long lag vaiues. For sl four children, voicing’ lnd
was produeed significantly more often at the labisi placs of articulstion (see ssctions 3.1-3.4), and
general labial mean VOT values were shorter than siveolsr mesns, with velsr means the loncnt.
Clearly, place of articulation, with the associated serodynsmic and physiologicai dmcuncn, is
important variable in the production of voicing. Possibly relsted to the differentisl affect of place of
artidulation on the productign of voicing is the lexical _asymmetry found in the vocsbulsries of sil four
children in the earliest sessions. For at least one child (Jane), this asymmetry—in particuler the low
froquoncy of words beginning with /p/ and /g/ in her vocapuory—oppouod to be an mportmt factor
in the acqmmtoon of the voicing contrast itseif.

" . [ L}
’

~ - .
The range of individual differences with respect to sge of scquisition is striking. ‘Three
children acquired a relatively adult-ike voicing contrast al ail three places of . articuistion by
approximately 1:9; the fourth child who was in all other respects developing normally had not done so

by 2:4.'® More importantly, the contrut that this child wds maintaining between /dit/ and” /g:k/ most
likely could not have been detected by paunh or-other stiuits. Similarly, the esrliest confrasts of two
‘other children (st approximately 15 Tessa and 1;8 Jene) and possibly the first contrast of the third
“other child (at ieest by 1;7 Tom) presumsbly would not have been reiiably detected by aduits.

'k
¢ A
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In conclusion then, the voicing contrast appears to be lesrned very early: evidence that
“children have acquu'od the appropriste phonologital contrast msy be found in the productiom of
children as young 2 15. However, it may take up to éleven monthe boim the children’s productions
improve to the point where the contrasts that the chaldron are making may be percsived by aduits.
Considerabie progress toward the production of an adult-mu voicing contrast is typically mede by the

age of 2;0, although there are striking individual ditfersnces. Aithough considerabie pnogress is usuasily

made by 2;0, it msy be meny menths (or even years) before children scquire sutficient srticulatory skill

to consistently produco aduit-iike vou:mg (Lstin and Kamgcmem 1976; Gilbert 1977).
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. a priori; this is a topic that deserves seperate mvutlutlgn.

I This research is psrt of W activities o the Stanford Child Phonology Project and hes beén
supported by a Nationsl Science Fiundstion Grant (BNS 76-08968) to Charles A. Ferguson and Dorathy
A. Huntingten, Departments of Linguistics and Hesring and Speech Sciences, Stanford ily. We
gratefully atknowledge their support during all phasss of the ressstch. We would aiso | to thank
Harold Clumeck, John Kingston and Deborsh Ohsisk for their assistance at verious stages of the dsta
collection and Lise Mgpn, Carl Muller snd Marshs Zlatin Laufer for comments on an eerlier version of

. this psper. A summsry of this study was given October™J,1977, at the Second Annusl Boston

University Conference on Child Language Development, and a prefiminery version of this paper appeers

in the Stanford workm pop-r series &mmmmmmmm (1977) s14.

. 2" This stedy is part of a cms-un.uis'ﬁc study of the scquisitiqn of the voicing cantrastain initie
"stops in English, - Spsnish and Cantoness. Dsta from. the other languages and cross-linguistic
compansons will be treated.in subuqmnt pubuatm}l the Project. .

‘3. In geveral, childien appesr to lesrn the _voicing distinction among stops in initial poutlon boforo_
in other positions in the word; however, the childcgn in Veiten 1943, Smith 1973 and M‘m 1971
Apparently loarnod the dist'mction in final position firs ’ -

74 To indure prt this study would have longitudinal data from four children, s fth child was
recorded aiso. Had one of the first four withdrawn from the study, the fifth chcld wouid have become
one of the foﬁr‘subjects. Since the first four stayed in the study, dats from the fifth child were not

amtrumentauy analyzed. o ‘

5 w. are grateful to Linda Watson‘for conducting this session and to- 4y and his perents for
copuntmg to this addttaqnal visit,

6 Althowh conspmnt harmony is a widespread phenomenon in child phot‘lo(y (sss Vihman 1977),
our sub;ects, who were evidently beyond thé coneonsnt homony’ stage, rarely made place errors (less
than 1% of the productm shovod _place errors). Nevertheiess, the ‘correct place of erticuistion’
criterion was required to insure thet the English dsts wouid'be comparsbie to those collected from the’
Project Spanisn and Cantonese suoncts, who produced more harmonized forms: in sl three studies
then ofly cornct’ stops were anslyzed. Although we know of no study which demonstrates that
during the stage when voicing is not contrutivo. a stop substitute in a harmonized production- (oa.q-ﬂn
W iy any d:ftonnt from other stop&of the same place (evge-tivi-in-Cholii-ter
W the powbdoty that such phones sre different could not be discountod

-

7. A proli?ninary study on this issus is pisnned: phonetically tnin_od students (unfamifisr. with the
resuits of. the presant .report) will bé ssked to tranecribe spproximetely 75 stops cherscterized by

. vary short VOT values (i.e. s34 me); the stimuius items {0 be trsnecribed sre a rendomly selected

subutgf Category {§§, data (rom Jay.
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A 8 Tessa also produced 10 tokens of doggie on this sowon. l-b\nvor, sincy this word was
produced with an initial velar stop, it has not been counhd in The tsbulstions. This wes the only
assimilated word in her initial stop word corpus.* Throughout the study, she produced doggie with an
“initisl veler stOp. . . . - , v
4r o .

9. Tessa's data may have shown a significant difference between /b:p/ prior to sessions 6 snd 7;
_ the tape.for session 5 was accidentslly destroyed. On msm 3 and 4, the ditferencs between the

means for /o] and /p/ was not significant. . N . ) . g
i 10 The dats 4&”};/ are put ift Category 11-B, not becauss the mesn for the voiceless stog, falls
nearly within the adult voiced boyndary (as in the csses of other i-8 dtto). but because the mean for °

/g/ falls nearly within the aduit /x/ boundory. : . . . LI

E

.
*

11 As in the shift of /ptk/ in to the long leg region, this shift of /g/ lmm‘thort lag region

appears to be abfupt However, session 9 was conducted three weeks after. sassion 8 (agtm r‘a )
sainpli

of the child’s nlln«sa),ﬁnd we: assume thot the appwont wddon chenge’ is lorgdy duo to
interval. - .

o B

12. To mvoshgato this further, we submitted a set of {pac sms (\mth*glou unmlrkcd) to ? thcrd
observer for mdopondont messurements: Allhou;h the VOT vsiues for sp‘qﬂc items frequently
differed from the original mouurmnts, tho ma;mtudo of the difference between the means for each -
voicad-voiceless pair was the same in fhe.se-measured and original sets. .This agresment domomtntu
that the originai obso not bocn influgnoed by knowing the gioss.

. 13. Note, however; that ouf’experimental pcoeoduﬁ.. which encoucaged one"word utterances, wil
tend to give a lower MLU. o ' : ST

1

14. We visited Jay in Boston in October 1977, when he was 26.18. At that time, he was produdng

all voecolm stops with strong aspiration. Althoqh we may rouombly sspdme that the VOT .

chatacteristics af his productions {lonnt identicsl to those for aduits (i.e. probably longer 'VOT veiues
than would be ‘found in adult speech), he, clearly hed acquired an acceptably aduit-like voicing contrast
-at - all three places of articulation by 2:6.19—im. at lesst one month esrlier then the oidest child
reported in the literature. This confirms our earfier hypothesis that he was within the normel range.
b . . . . _—

18. The fourth child scquired an adultike contrast by at lasst 26.19 (see sectio3.4 O the
basis af the tramcriptsom. the fifth child retorded had scquired sn-adult-like conirast at l“ three
pleces of m»cm-n@by at Nﬂ her first recording session.
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